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ABSTRACT 
The Effect of Long Term Storage of Nonfat Dry Milk 
On Sensory Quality and on the Development 
Of Oxidative Derivatives of Sterols 
by 
Nancy R. Driscoll, ~laster of Science 
Utah State University, 1983 
Thesis Chairman: Delay G. Hendricks and Charlotte P. Brennand 
Department: Nutrition and Food Sciences 
ix 
Nonfat dry milk (NOM) was evaluated to determi re the effect of 
long term storage on its sensory quality, its solub i lity index and on 
the development of oxidative derivatives of sterols. Storage vari-
abl es included the form of the milk, the atmosphere in the storage 
container·, the type of package and the storage temperature. A tra-
ined taste panel evaluated the milk for the development of cooked, 
metallic, and oxidized/stale flavors, mouthfeel and overall accepta-
bil ity. Gas chromatography was used to determine cholesterol content 
and the quantity of oxidative derivatives of cholesterol present in 
the samp 1 es. 
Although long term storage of NOM did not affect the solubility 
index of the milk, the sensory quality of the milk was affected. 
Over time storage temperature and type of package had the greatest 
v 
" 
effect on sensory quality. Mi 1 k stored for 30 months at 32 C devel-
oped an unacceptable oxidized/stale flavor and at 42 months of sto-
rage, milk stored in pol ybags at 21 C had also developed an 
oxidized/stale flavor. These results substantiate the importance of 
cantrall ing storage conditions during long term storage of NOM. 
NOM stored for four years did not develop harmful quantities of 
oxidative derivatives of cholesterol. However, certain expected re-
sults did occur. NOM stored in polybags develped more oxidative der-
ivatives tllan samples stored in cans. Samples stored at 32 C devel-
oped more oxidative derivatives of cholesterol than any other sample 
analyzed and 7S-hydroxycholesterol, the only known cytotoxic deriva-
tive of cholesterol identified, was present in the samples stored at 
32 C. Fresh and control samples of NOM contained similiar quantities 




To preserve it or to reduce its weight and volume, milk can be 
dried. In the Unitea States, nonfat dry milk (ND~I) sales exceed 
,--
those of all other dried milk products. NOM is manufactured by 
removing moisture from nonfat milk under vacuum and then either 
spraying the concentrated milk into a chamber of hot filtered air or 
onto the surface of a heated metal cylinder. After drying, NOM can 
be treated with an instantizing process which makes it disperse more 
readily in water (Campbell and t,1arshall 1975). 
Although modern technology has made it possible to produce an 
acceptable dried milk powder, the home storage conditions and current 
packaging methods necessary to maintain a high quality product during 
long term storage needs to be evaluated. The length of time that NOf-1 
can be stored and still maintain its sensory and nutritive qualities 
is a concern to consumers as well as entreprenuers. 
A large quantity of NOM is used by the candy and ~akery 
industries. Successful merchandizing of products which contain NOM 
requires the production of a product which can be stored without 
appreciable loss of quality. Food companies must know the optimum 
conditions necessary to preserve NOM to maintain the quality of their 
products. 
Consumer acceptance of dried milk requires that it remains a 
palatable product, retains its nutritive value during storage and it 
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easily reconstitiuted. The length of time that consumers expect NOM 
to maintain its quality has increased directly with the popularity of 
food storage. 
Food storage, however, is not a new idea. The United States 
Government Emergency Welfare program includes a service called the 
Emergency Feeding Program. In conjunction, civil defense 
preparedness authorities recommend that people store an emergency 
supply of food sufficient for at least two weeks. One of the foods 
included in this supply is NOM. An adequate quantity of palatable 
and nutritious NOM could be available to meet these guidelines if the 
NOM were properly stored. 
In Utah, 72 ',{, of the people are members of the Church of Jesus 
Christ of ttle Latter Day Saints ( Monnons) and are encouraged by the · 
church to be prepared for difficult times. Each family is advised to 
store a year's supply of food. NDM is usually included in a basic 
storage plan. As a guideline it is suggested that 27-46 kg of NOM be 
stored per person per year. If each of the 985,070 registered 
Monnans living in Utah stored 34 kg of NDI"l there would be 73,880,250 
1 b of stored NOM in Utah alone! Unless adequate storage conditions 
were maintained a good percentage of this could be unpalatable milk. 
Since there are 4.7 mill ion Latter Day Saints throughout the world, 
the quantity of NOM being stored may be monumental. Certainly, this 
suggests that answers to questions about storage conditions of NOM 
are needed. 
The first objective of this study was to monitor specific 
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changes in NOM stored under conditions similiar to those which exist 
in American hanes. Storage temperature, type of package, the 
atmosphere in the container and the form of the milk were studied 
and, for each of these variables, the milk was evaluated for its 
sensory quality. 
Off-flavors which develop in stored ND~1 has been described as 
"stale" or "oxidized" . Of t he numerous canpounds which can oxidize 
in milk, the steroids may be significant because oxidized steroids 
have been shown to be cytotoxic (Peng et al. 1979). Although 
oxidation reactions are known to occur in stored milk, the existence 
of ox i dative derivatives of cholesterol in sto r ed milk has not been 
• pr oven. Therefore, the second objective of t his s t udy was to 
determine whether eight of the most corrmonly occurring derivatives of 
cho 1 estero l are present i n the stored NOM. 
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CHAPTER I I 
REVIEW OF RELATED LITERATURE 
Variables Affecting the Storage of NOM 
In the past, four areas of study f1ave been emphasized for the 
storage of dry milk: storage temperature, moisture content of the 
milk, atmosphere in the storage container and the atmosphere in which 
the milk was dried. These conditions have been studied in both whole 
and skim dry milk. 
In 1927, Holm et al . studied the oxidative breakdown of fat in 
dry whole milk stored at temperatures ranging from 3 to 30 C with 
moisture contents between 1. 5 and 3.4 %. They concluded that 
moisture was a critical factor in the storage quality of 
I 
the milk} nd 
that the optimum moisture content for spray powders with respect to 
keeping quality was between L and 3 %. Free moisture retards the 
rate of deterioration and therefore, for optimum keeping quality a 
certain amount of free moisture is necessary. The following findings 
support this theory. In samples of 1 ow moisture content 
susceptabil ity to deterioration was greatest in the first sixty days 
of storage while in those of higher moisture content the rate of 
deterioration was retarded. After sixty days the deterioration was 
rapid at the high temperature but slower at the low temperature. 
Keeping quality of the milk increased at storage temperatures between 
25 and 10 C. Below 10 C, a marked increase in keeping quality was 
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noted for each 5 C decrease in storage temperature. Dry whole milk 
of exceedingly low moisture content stored at 3 C deteriorated at 
approximately one half the rate of the samples stored at 25 C. 
Samples of dry whole milk of both low and high moisture content 
were also stored in different atmospheres at temperatures ranging 
from 21 to 23 C. No difference was noted between milk stored in a 
partial vacuum and milk stored in air. However, it was concluded 
from sensory evaluation that dry milk stored in carbon dioxide 
developed off-flavors and odors before the dry milk stored either in 
air or in a partial vacuum (Holm et al. 1927). 
In 1962, Kilman et al. studied tl1e effect of the atnwsphere in 
the storage container on dry whole milk and examined the relationsllip 
of peroxide values to flavor scores. Peroxides decompose to form 
carbonyl compounds thought to be responsible for the development of 
oxidized flavors in stored products. Two lots of milk were studied. 
The first 1 ot was packaged in an a trnosphere of nitrogen with less 
than 1% oxygen. The second lot was held in open stainless steel 
trays and stirred twice a day to equalize its exposure to air. Each 
lot was held at 38 C. The milk was evaluated by an expert taste 
panel who concluded that even in an extreme case where less than 0.1% 
oxygen is present oxidative deterioration does occur. They also 
concluded that determinat ·ion of the peroxide content of the fat phase 
of dry whole milk had no direct bearing on flavor quality. 
Coulter (1947) and Coulter et al. (1948) studied dry whole milk 
to determine if the atmosphere in which the milk was dried affected 
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its storage quality. Their samples included milk dried in an 
atmosphere of nitrogen or in an atmosphere of air. Half of each lot 
of milk was then canned in nitrogen and the other half was canned in 
air. Samples were stored at 38 C with moisture levels between 2 and 
2.5%. Caul ter found that the keeping quality of the milk was more 
strongly influenced by the amount of oxygen in the can than by the 
atmosphere in 1vhich it was dried • .1\t oxygen levels of one percent or 
lower dry whole milk with a low moisture content (2 to 5%) 
deteriorated very slowly even at 38 C. Consequently, it was 
concluded that minimum oxygen 1 evel s during storage are necessary to 
maintain the quality of dry whol e milk. Lower oxygen 1 evel s may 
reduce the number of oxidation reactions which occur. 
Compounds Identified j!!_ Stored ND~1 
Off-flavors arising from oxidative reactions in milk are usually 
described as cardboard, oily, metallic or tallowy and are referred to 
collectively as oxidized flavor (Forss et al. 1955). Forss, Pont 
and Stack were the first group of researchers to identify flavor 
constituents from cardboard flavored skim milk. The following 
compounds were identified in copper induced oxidized skim milk: 
acetone, acetaldehyde, n-hexanal, crotonaldehyde, 2-pentenal, 
2-hexanal, 2-heptenal, 2-octenal, 2-decenal and 2-undecenal. Acetone 
and acetaldehyde were found in fresh skim milk. The authors found 
that if the C6 to Cll 2-unsaturated aldehydes were added to fresh 
skim milk in concentration ranges of 1 part in 107 or 109 they 
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imparted a flavor which closely resembled the cardboard flavor. 
A number of carbonyl compounds resulting fran ox ida tiv~ and 
Maillard reactions which occur during storage of instant NOM were 
identified by Bassette and Keeney (1960). He stored instant and 
regular NOM in 27 and 46 kg double thick polyethylene bags at room 
temperature. After one year the instant milk possessed a stronger 
cereal-like fl avor than did regular milk. Addition of ten times the 
quantities of the isolated canpounds to fresh milk resulted in a 
product with the typical cereal-like flavor. Based on the compounds 
identified in this study, Bassette and Keeney speculated that both 
f•laillard type browning and lipid oxidation had occurred and that 
simulation of the cereal-like flavor by the addition of the 
identified compounds indicated that both 1 actose - protein browning 
reactions and lipid oxidation reactions play significant roles in the 
formation of flavor compounds. 
Parks et al. (1964) also noted that the presence of 
o-aminoacetephenone in stale NOM was associated with the t;laill ard 
reaction. 0-aminoacetephenone was i denti fi ed in three year old stale 
NOM by comparing gas chranatographic retention times of this compound 
with the retention times of the standard o-aminoacetephenone. 
Addition of this compound did not cause a stale flavor in fresh fluid 
milk but when added to slightly stale milk, the stale flavor was 
intensifi ed. The authors concluded that the compound was probably a 
component of a mixture of compounds which collectively are 
re<: ~onsible for a typical stale milk flavor. 
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Vitamin A fortification of NOM is associated with the 
development of a haylike flavor. Suyama et al. (1983) measured the 
heat stability of vitamin A palmitate in air and attempted to 
identify the volatile oxidation products responsible for its 
off-flavor. Although nineteen compounds resulted from the gas 
chrcxnatograpy/mass spectranetric analysis, the specific canpounds 
responsible for the hayl ike flavor were not i denti fi ed. However, 
S-ionine and dehydroactinidiolide, the main oxidation products of 
vitamin A palmitate, had a mild haylike odor and the authors 
speculated that those products may have been responsible for the 
unpleasant hayl ike flavor. 
Storage .2..!_ NOM 
In 1979, Mercurio and Tadjalli obtained NOM which had been 
stored since 1957 and evaluated it to detennine its nutritive and 
sensory quality (Mercurio and Tadjalli 1979). The milk was packaged 
by Carnation in double-sealed tin containers with tight fitting 
friction lids and lined screw caps. During storage, the nutritional 
quality of the milk changed very little, presumably because it was 
not exposed to oxygen, high humidity or high temperatures. Maximum 
tanperature was estimated to be 27 C. 
A six member panel of scientists trained in scoring NOM 
evaluated the milk mixed in various proportions with fresh NOM. The 
taste panel assigned unacceptable scores to reconstituted NOM samples 
containing 30%, 20% and 10% concentrations of the twenty year old 
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milk. Stale , scorched, cooked and old casein were the off-flavor 
characteristics noted by the panel. Reconstituted samples containing 
5%, 3%, and 0% of the twenty year old milk blended with fresh NOM 
received acceptable ratings. The old casein and the oxidized flavor 
were not detected in the 3%, 1% or control samples. Although the 
milk had a low flavor acceptability the tin container did prevent 
contact with the atmosphere more effectively than conventional 
packaging. 
Perhaps the most complete study on the storage of dry milk was 
conducted by Henry et al. in 1948. This group of researchers stored 
spray dried powder of high (7.3%), medium (4.7%) or low (2.9%) 
moisture content at 20, 28. 5 or 30 C i n a tmospheres of nitrogen or 
air for two years. They concluded that moisture content of the milk 
powder had the greatest effect on storage life of the milk. In fact, 
little change occurred in the milk with a low or medium moisture 
content except at high temperatures, where there was a decrease in 
palatability. However, the high moisture milk rapidly became 
.unpalatable, discolored and insoluble, especially when stored at high 
temperatures. Storage 1 ife, as determined by the measurement of 
palatability, ranged fran about three days for the high moisture 
powder packaged in air at 37 C to two years or longer for powders of 
low and medium moisture content packaged in nitrogen at 20 C. 
A "stale" or "cardboard" flavor which developed into a "gluey" 
taste was present in milk powder packaged in air and with a high 
moisture content. Milk powder packaged in air with a low moisture 
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content was slower to develop an off-flavor and was not described as 
"gluey". NOM stored in nitrogen developed a "carmalized11 flavor at 
higher moisture levels but this was not evaluated as unacceptable. 
NOM canned in nitrogen and with a low moisture content deteriorated 
very slowly. 
Because packaging the milk in an atmosphere of nitrogen delayed 
flavor deterioration, Henry et al. (1948) speculated that at least 
part of the off-flavors which develop in stored milk must result fran 
reactions involving atmospheric oxygen and that the small amount of 
fat in the milk may have been oxidized and contributed to the 
deterioration in flavor. Perhaps some of the oxidation reactions 
involve cholesterol i n the milk. 
Oxidative Derivatives of Cholesterol 
And the Development £!. Atherosclerosis 
Recently, Peng et al. (1978, 1979) hyothesized that some 
autoxidative derivatives of cholesterol are the prime cause of 
atherosclerotic lesions and Taylor et al. (1979) suggested that many 
persons may be ingesting foods which contain these autoxidation 
products of cholesterol. These products may enter the human 
cholesterol pool where they eventually become a portion of aortic 
cholesterol deposits. 
Taylor et al. (1979) concentrated extracts from several lots of 
USP grade cholesterol and found that the concentrate contained 
products from the oxidation of cholesterol. New USP grade 
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cholesterol contained 5% oxidative derivatives of cholesterol and 
five year old USP grade cholesterol (old) contained 40% autoxidation 
products. Two in vivo studies were done to investigate the toxicity 
of these products. First, male New Zealand white rabbits were 
gavaged with 10 to 250 mg/kg of the cholesterol concentrate and 
tissues were analyzed twenty-four hours after gavage. The frequency 
of dead aortic smooth muscle cells and induced focal intima edema had 
increased. The new cholesterol and the old cholesterol were each 
found to be toxic but the old cholester~ was more toxic than the 
new. The second in vivo study was conducted over a seven week period 
with a total dose of 2g/kg of the cholesterol concentrate and again 
toxicity symptoms were observed . Purified cholesterol at the same 
level was not toxic. These results are in agreement \vi ttl those of 
lmai et al. in 1976. They reported that a purified stock of five 
year old USP grade cholesterol was not atherogenic when fed to 
rabbits. However, administration of the concentrated impurities 
produced severe arterial damage with cell death and focal intima 
edema. 
Taylor et al. (1979) next analyzed the concentrate with thin 
layer chranatography and gas liquid chranatography to detennine what 
compounds were present. Eight oxidative derivatives of cholesterol 
were identified and analyzed for cytotoxicity using cultured aortic 
smooth muscle cells. The autoxidation products of cholesterol 
produced in vitro toxicity for the aortic smooth muscles while 
purified cholesterol at the same level had no toxic effects. The 
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most toxic sterol investigated was 25-hydroxychol esterol fall owed by 
cholestan-3 S, 5a, 6 B- trial. 
Peng et al. (1979) continued the investigation of the reaction 
of aortic tissue to known autoxidation derivatives of cholesterol and 
measu red their effect on cholesterol biosynthesis. Control cultures 
did not change after twenty-four hours but the cultures containing 
the test sterols showed varying degrees of toxicity. Toxicity was 
measured as the percentage of dead cells in the cultures within 
twenty-four hours. Of the 12 sterols commonly found in the 
autoxidation products of cholesterol (Appendix A), 3, 
5-cholestedien- 7 one, cholestan- 3, b diane and 
5,6 -epoxycholesterol were nontoxic up to 100 ug/ml concentration in 
culture medium. Purified cholesterol was also non toxic. Again, tt1e 
most toxic sterols were 25-hydroxycholesterol and 
cholestan-3 B, Sa, 6 B-triol. 
To measure the effect of the sterols on cholesterol 
biosynthesis, &- hydroxy 13-methyl glutaryl CoA reductase (HMG-CoA 
reductase) activity was determined by measuring the amount of 
mevalonate formed from 13-hydroxy 13-methyl glutarly CoA. Mevalonic 
acid is converted to squalene and finally to cholesterol (Appendix 
B). The most potent inhibitors were the side chain oxidation 
derivatives such as 25-hydroxycholesterol and 20 -hydroxycholesterol 
followed by 7-ketocllolesterol and cholestan-3 13 ,ol - 6 one. Purified 
cholesterol and 4-cholestan-3 one had minimal effects on HMG-CoA 
reductase activity. 
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Interestingly, 25- hydroxycholesterol and 7- ketocholesterol 
were among tile most toxic sterols and also had the greatest 
inhibitory effect on HMG-CoA reductase activity. This observation 
however, was not consistent because' although 
cholestan-3 6, 5a , 6 S -triol was extremely cytotoxic to the aortic 
smooth muscle cells, it only moderately inhibited cholesterol 
biosynthesis. To explain these results Peng et al. suggested that 
some oxidation derivatives act by replacing cholesterol in the 
membrane rather than decreasing the activity of HMG-CoA reductase 
activity. 
Unfortun ately, the mechanism explaining the cytotoxicity of 
oxidative derivatives of cholesterol is unknown. Because cholesterol 
is an important component in cellular and/ or i ntracell ul ar membranes, 
membrane structure may be affected as well as the rate of production 
of new membranes. This could occur if cholesterol were replaced in 
the membrane by oxidative derivatives or if cholesterol biosynthesis 
were blocked. A number of investigators have demonstrated the 
inhibitory effect of steroids on sterol synthesis. 
In 1970, Avigan et al. demonstrated that cholesterol as well as 
other sterols inhibit sterol synthesis fran acetate. Also, in an 
initial experiment by Kandautsch and Chen (1973) primary fetal 1 iver 
cells were used to test the inhibitory effect of sterols on 
cholesterol synthesis. Among 16 sterols tested for inhibitory 
potency, 7- ketocholesterol, 7~ hydroxycholesterol and 
7 &- hydoxycholesterol diminished the level of HMG-CoA reductase 
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activity and, therefore, the rate of sterol synthesis. The authors 
speculated that this effect was an inherent property of their 
structures. In a fall ow up study (Chen et al. 1974) derivatives of 
chole sterol oxygenated in the 7, 2U, 22 or 25 positions were 
inhibitory to sterol synthesis at concentrations of 0.02 to 0.2 
ug/ml. Because these sterols inhibited the activity of HMG-CoA 
reductase within six hours sterol synthesis was depressed. 
In 1974, Brown and Goldstein found that an oxygen function at 
position 6, 7 or 25 significantly enhanced the ability of these 
sterols to suppress HMG-CoA reductase. At a concentration of 5 ug/ml 
7 - ketocholesterol suppressed reductase activity by 90% after four 
hours, whereas cholesterol at this same concentration showed only a 
minor inhibitory effect after 24 hours. Brown's results indicate 
that some steroids are considerably more potent than others at 
suppressing cholesterol synthesis in cultured cells and that potency 
appears to increase as polarity of the compound is increased by 
addition of hydroxyl or ketone groups. 
Studies carrel ating oxidative derivatives of cholesterol and 
development of atherosclerosis in man are minimal. In 1970 Smith and 
Van Lier examined the level of 26-hydroxycholesterol in thirty-six 
samples of human intimal tissue and in nineteen samples of human 
medial tissue with varying extents of atherosclerosis, using thin 
layer chromatography and gas c hrana togra phy. They concluded that 
aortal levels of 26- hydroxycholesterol increase with advancing 
a theroscl ero sis. 
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Oxidative Derivatives of Cholesterol in NOM 
Commercial NDM which had been stored at roan temperature for two 
years was examined by Flanagan et al. (1975) for the presence of 
oxidation products of cholesterol . The milk was analyzed using gas 
chromatography. Two compounds, 3, 5-cholestedien-7one ana 
cholesten-3one were identified. To detennine if either ketone might 
have fanned from cholesterol during the separation process, 
cholesterol was subjected to the same conditions as the NOM. No 
trace of e ither ketone coul d be detected in the c holesterol analyzed. 
There fore it was concluded that t he t wo oxidative derivatives of 
c ho le stero l were f anned during st o r age. 
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CHAPTER I II 
I~ETHODOLOGY 
Introduction 
In an attempt to make the study applicable to consumers, storage 
conditions simil i ar to those which exist in Utah hcmes were selected. 
These conditions are: 
(a) Form of the milk - regular and instant. Consumers 
have the option to buy either reg ular or instant 
NDrvJ . 
(a) Atmosphere in the conta i ner- ai r , carbon dioxide 
or nitrogen. Air is the most corrmonly used 
storage atmosphere because it exists regardless 
of whether other measures are taken to alter the 
atmospheric conditions. However, dry ice can be 
purchased and used to increase the carbon dioxide 
atmosphere in a storage container at the 
exclusion of oxygen. Corrmercially NOM may be 
packaged in cans with an atmosphere of nitrogen. 
(c) Type of Package- polybag or can. These are the 
two most popular containers for storing ND~1. 
Small bags and small cans were used in this 
study, but large containers (46 kg) are more 
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commonly used for heme storage. Because these · 
large containers are opened periodically to 
obtain seme of the NDI\'1, the storage atmosphere is 
altered. The small containers used in this study 
were only opened when they were to be analyzed. 
Consequently, this storage variable may not be 
r epresentative of heme storage conditions. 
(d) Storage temperature - + 10, 21 and 32 C. These 
three storage temperatures exist in most homes 
for at 1 east part of the year. NDt·1 stored i n a 
root c ellar will maintain 10 C througho ut the 
summer months but milk stored under a bed in an 
upstairs bedroem will r each at least 32 C during 
a normal August . A basement home storage 
facility will maintain approximately Ll C 
throughout the year. 
Past studies have also investigated the effect of the moisture 
content on the storage of milk products (Henry et al. 194~, Holm et 
al. 1927). Because of Utah's dry climate, moisture was not included 
as a variable in this study. 
NOM was stored to determine the effects of several storage 
conditions on the sensory quality of the product and the development 
of cytotoxic derivatives of cholesterol. Instant and regular NOM 
samples were obtained from the Carnation company, Los Angeles, 
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California on May 11, 1977; the instant NOM was made on April 16, 
1977, from the same batch as the regular NOM. 
Storage conditions consisted of instant or regular NOM in 400 by 
410 cans with an atmosphere of nitrogen, carbon dioxide or air at 10, 
21 or 32 C and in polybags with an atmosphere of carbon aioxide or 
air at 10, 21 or 32 C. Samples were flushed with a stream of 
nitrogen gas to obtain the nitrogen samples and to obtain an 
atmosphere of carbon dioxide, a pellet of dry ice was placed in the 
can and allowed to sublimate. This procedure was repeated with a 
second cube of dry ice. Air samples were not pretreated. All 
samples were vacuum canned . Control samples ~~ere made up of regular 
NOM and instartt ND~l stored in cans with an atmosphere of nitrogen at 
-23 C. In September 1981, fresh samples of both instant and regular 
NOM were obtained from the Carnation canpany and evaluated. 
Sensory Evaluation 
Sample Preparation 
A 10% milk sol uti on was prepared from each of the samples by 
combinin g 50 g of milk powder with 450 ml of water at a temperature 
of 32 C. A ~lodel K5-A Kitchen-Aid mixer with a whip set on high 
speed was used to mix each sol uti on for 90 sec. All of the milk 
solutions were prepared twenty-four hours before they were tasted by 
the panel and were stored at 5 C. Prior to tasting, samples were 
equilibrated to room temperature. 
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Sensory Panel Members 
An eleven-member panel, of four men and seven women was selected 
after a one week training period which included taste sessions, 
d iscussions and screening to determine those persons capable of 
i dentifying specific off-flavors in milk. Panelists included Utah 
State Univers i ty graduate students, faculty and staff and noncampus 
affl iated people. 
Prior to each set of scheduled sensory panels, one refresher 
session was conducted for the panelists. NOM samples were prepared 
c ontaining specifi c off- f lavors which may develop in dairy products. 
Panel i sts were no t aware of whi ch samples contain ed the off-flavors. 
After they were g i ven the c orrect answer, each off-fiavor was 
c onfirmed by a second taste. 
Sensory Panel Procedures 
Sensory panels were conducted from 2:00 to 4:00 PM over a period 
of four days. Booths were noise and odor free and were supplied with 
water, cups, spitoons and napkins. Judges were allowed to either 
swallow the samples or expectorate them and were instructed to rinse 
with water between each sample. One ounce portions of each milk 
sample were coded with a three digit random number and the samples 
were presented to each panelist in a balanced random order. 
Page 20 
NOM E v a 1 ua t ion 
Each panelist rated the NOM samples for the following attributes 
using a seven point scale: (a) cooked flavor (7 = extreme cooked 
flavor and 1 =none); (b) oxidized or stale flavor (7 = extrell)e and 1 
= none); (c) metallic flavor (7 = extreme and 1 = none); and (d) 
mouthfeel ( 7 = chalky or puckery and 1 = smooth}. An overall 
acceptability value was also given where 7 = dislike extremely and 1 
= like very much (Appendix C). Initially, the milk was evaluated 
every three months. After 18 months of storage the milk was 
evaluated every 6 months for a total study period of 54 months. 
Samples were evaluated until the judges determined they were 
unacceptab 1 e. 
Determination~ Solubility Index 
A 10% milk solution (prepared by adaing 50 g of NOM to 450 ml of 
32 C distilled water} was usea to determine the solubility index of 
each milk sample (American Dry ~lil k Institute 1971). Each sol uti on 
was mixed for 90 sec at the high speed setting of a ~1odel KS-A · 
Kitchen-Aid mixer. Within 15 min of mixing, 50 ml samples of each 
milk solution were placed in calibrated conical centrifuge tubes and 
centrifuged 5 min at 980 rpm. Following centrifugation, the 
supernatant liquid was siphoned off to within 5 ml of the sediment 
1 evel • 
To disperse the sediment, 25 ml of distilled water at 24 C was 
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added to each sample. The tubes were then filled to the 40 ml mark 
and c entrifuged again at 980 rpm for 5 min. The amount of sediment 
in each tube was determined by holding the tube in a vertical 
position with the upper level of the sediment at eye level and 
r ecording t he quantity. 
Solubility index for the stored milk was determined every 3 
months for the first 18 months and every 6 months for the remaining 
36 months. Duplicate tests were performed for each sample. 
Determination of Choleste rol and Oxidative Derivatives 
of Choleste rol i n NOM Sampl es 
Sample Preparation 
Cholestero l analysis was carried out on t he following samples : 
V ar i ab 1 e Tested Conditions 
Form Can, 21 c' Air 
Package Air, 21 c, Instant 
Gas Can, 21 C, Instant 
Temperature Can, Air, Instant 
Fresh samples of instant and regular NOM obtained from Carnation in 
September 19~1 and control samples were also analyzed. Samples were 
extracted in triplicate and 2 replications of each extracted sample 
were chranatographed. 
The Association of Official Analytical Chemists' gas 
chranatographic method (1981) for the determination of cholesterol in 
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NOM was used for the analysis. 
Extraction£.!. Lipid 
A sample of NOM weighing 25 g was quantitatively transferred to 
a 300 ml erle1111eyer flask containing 100 ml of distilled water. 
After thoroughly mixing, the solution was refrigerated overnight. 
Prior to extraction, 3 ml of 5acholestane (.2 mg/ml) working solution 
was added to the NO~l as an internal standard. Next, the 
reconstituted milk was poured into a one liter separatory funnel and 
100 ml of reagent grade alcohol was added and mixed by shaking the 
separa tory funnel for one minute. This was followed by the addition 
of 100 ml of ether and 10CJ ml of normal pentane. The sol uti on was 
• 
mixea after each addition by shaking the separatory funnel for one 
minute. The layers were then all owed to separate and the aqueous 
(lower) layer was drained into another one liter separatory funnel. 
The extraction was repeated with 100 ml each of ether and pentane. 
The mixture was again shaken for one minute after each addition. 
Because the layers do not readily separate, 40 ml of reagent grade 
alcohol was added to the separatory funnel to facilitate separation 
and the funnel was gently rotated end over end ten times. After five 
minutes the aqueous layer was discarded. To decrease the water 
content, combined ether extracts were filtered through Whatman #4 
paper in a Buchner funnel containing 20 g of anhydrous sodium 
sulfate. The extracts were then evaporated to dryness on a rotary 
evaporator at 70 C. 
Saponification and Extraction 
of Unsaponifiable Fraction 
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The lipid extracted from the NOM was saponified with potassium 
hydroxide (KOH) and the remaining unsaponified fraction was extracted 
in benzene. With gentle stirring, 8 ml of concentrated KOH solution 
and 40 ml of reagent grade alcohol (ethanol, methanol, i soproponal; 
90:5:5) was slowly added to the lipid fraction. After the solution 
had refl uxed for 1 hr, the heat was turned off and 60 ml of reagent 
grade alcohol was added through the condenser into the saponified 
solution. ~hen the sample stopped refluxing, the condenser was 
removed and 100 ml of benzene was slowly added to the sample. The 
flask was stoppered and mixed vigorously for 30 sec. 
Without rinsing, the solution was poured into a 500 ml 
separatory funnel and 200 ml of 1 N KOH were added. This mixture was 
vigorously shaken for 10 sec. The layers were then all owed to 
separate and the aqueous (lower) layer was discarded. By rotating 
the separatory flask gently end to end 10 times, the benzene layer 
was washed with 40 ml of 0.5 N KOH. The resulting layer was poured 
into a 250 ml separatory funnel and back washed with 40 ml of 
distilled water by gently rotating the separatory funnel end to end 
10 times. This water washing was repeated three times or until the 
final pH was 7. The benzene ex tract was poured fran the top of the 
separatory funnel and filtered through a Buckner funnel containing 
anhydrous sodium sulfate on Whatman #4 filter paper and into a 125 ml 
Page 24 
ground glass E rl e1111eyer flask. Approximately 20 g of anhydrous 
sodium sulfate was added to the benzene and mixed thoroughly. This 
mixture was then left for 15 min. The total unsaponifiable fraction 
was dried in a rotary evaporator at 40 C and the total residue was 
dissolved in 12 ml of dimethylformamide (See flow chart- Figure 1 ). 
Derivitization of Milk Samples 
To derivitize the sample, 1 ml of each solution was transferred 
to a 15 ml sil ani zed centrifuge tube, and 0.2 ml of 
hexamethyldisilazane was added. Af ter vigorous mixing for 30 sec, 
U. 1 ml of tr imethlychl o rosilane was added to e ach tube and again 
mixed vi gorousl y for 30 sec. Af ter the so l ution was allowe d t o stand 
undisturbed for fifteen minutes, 1 ml of heptane and 10 ml o f 
distilled water were added. The samples were mi xed vigorously for l 
min and then centrifuged for 2 min. The silanized samples were 
analyzed by gas chromatography. 
NOM (25 gin 100 ml H2o)+ 3 ml 5acholestane + Washed 1x w/ 100 ml reagent 
l 
100 ml ether 
100 ml pentane 
Drain Aqueous Layer 
into second separatory flask 
~ 
Washed 1x w/ 100 ml ether 
100 ml pentane 




Filter Combined Extracts w/ anhydrous Na2S04 
~ 
Evaporate to Dryness 
J 
Add Cone . KOH (8 ml); Reflux 1 hour 
J 
Add 100 ml Benzene 
l 
Washed 1x 1N KOH (100 ml) .J, !, ______ __, 
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Washed 1 x .5 KOH (40 ml) Discard aqueous 1 ayer 
~ I ~ 
Washed 3x H2o (40 ml) Discard aqueous 1 ayer 
~ 
Filter Extract w/ Anhydrous Na 2so4 (15 g) 
{, 
Shake w/ 20 g Na 2so4 
~ 
Filter w/ Whatman #4 paper; evaporate to dryness 
~ 
Dissolve in 12 ml DMF and Silanize 
Figure 1. Extraction of cholesterol from NOM. 
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Gas Chrana tographic Analysis 
Silanized samples were analyzed using a Varian Model 2740 Gas-
Liquid Chromatographic (GLC) instrument in connection with a CDS 101 
Varian Aerograph computer and a Linear Instrument Corporation chart 
recorder. The GLC was fitted with a hydrogen flame ionization 
detector and an on column injection system. A 1.8 m 2 mm i .d. 
stainless steel column packed with 3'1 QF-1 on 80/100 mesh Gas Chrom W 
was used for the analysis. Nitrogen was used as the carrier gas with 
a flow rate of 25 ml/min. Samples were chranatographed under the 
following conditions: injector temperature, 240 C; detector 
temperature, 240 C; column temperature, isothermal at 245 C. Three 
microliters of each silanized sample was injected into the column. 
Calculations 
The CDS computer recorded the retention time and calculated the 
percent area of each peak. A chromatograph was also produced by the 
recorder. Using the data provided by the CDS computer and the 
following equation* the quantity of cholesterol and oxidative 
derivatives of cholesterol were calculated. 
Qx = (Ax)(Qis) 
Ai s 
*Varian Associates 1977: personal communication. 
where: 
Ai s = area of the standard 
Ais 
Ax = area of the cholesterol 
Qi s = weight of cholestane 
milk 




the sys tern/ gram of 
Standard solutions with a concentration of .5 mg/ml were 
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prepared. The following cholesterol derivatives, which were shown by 
Taylor (1979) to be cytotoxic, were used as standards: 
25-hydroxycholesterol 
• 7 (3 - hyd roxyc ho l estero l 
cholestan-3 S,5 a diol-6one 
4-cholestan-3one 
5 ,6-epoxyc hal esterol 
20 a -hydroxyct10lesterol 
6-ketocholesterol 
chol estan-3 S,5c6 8- tri ol 
7 -ke toe ho l estero l 
Each standard was silanized using the AOAC procedure and 
chromatographed. After the retention time of each standard had been 
determined, they were combined to form one multistandard. To 
identify oxidative derivatives present in the milk samples retention 
times of the peaks present in the samples were compared to retention 
times of the standards. Identification was based on relative 
retention times and mass spectral patterns. 
Mass Spectroscopy Analysis 
A gas chromatograph - mass spectrometer, CKB 2091 was used to 
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analyze the 32 C - polybag- air- instant and the 21 C - can-
carbon dioxide- instant samples. These samples contained the 
1 argest amounts of oxidative derivatives of cholesterol. Each was 
injected into a 1.8 m by 2.0 rrm i.d. glass column packea with 3% 
QF-1 on 8U/100 mesh Gas Chrom Q. The column temperature was 200 C 
and the helium carrier gas was 20 ml/min. Injector and detector 
temperatures were 250 C. 
Mass spectrometer conditions were as follows: ion accelerating 
val tage - 3500 V; ionizing val tage - 70 V; ion source temperature -
300 C. The mass spectra (from 33 - 600 mass units) were taken at a 
scan rate of 16 scans/min over the entire chranatogram. 
Tbe eight standard oxidative derivatives of cholestero l and a 
cllol esterol standard were also analyzed on the spectraneter and were 
then compared to the spectra of the NOM samples. 
Statistic~ Analysis 
Data collected was analyzed using a four way analysis of 
variance program in the Statpac statistical software, written by Dr. 
Rex Hurst at Utah State University. The independent variables were: 
temperature, type of package, atmosphere in the container and the 
form of the milk. Dependent variables were: cooked flavor, 
oxidized/stale flavor, metallic flavor, the mouthfeel of the milk and 
overall acceptability of the milk. The control samples were not 
included in the factorial design. The number of observations for 
each main effect varied depending on the possible combinations. For 
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example, nitrogen was an atmosphere in cans but not polybags. Carbon 
dioxide however, was an atmosphere in cans and polybags. To avoid 
excessive fatigue, panel members did not evaluate replications of 
sarnpl e combinations. Each sample combination was evaluated by each 
of the eleven panelists and the number of observations was equal to 
the number of combinations times the number of judges for each 
a ttribute measured. Two and three-way main effect interactions were 
also calculated. The SAS package was used to do a covar i ance 
analysis which included the the four main effects listed above and a 
t ime factor. 
1 ~1e a n values for the solubility data were c alculated to determ i ne 
if a signi f icant variability occurred in the data because of storage 
temperature, type of package, atmosphere in the container or the fonn 
of the milk. Standard deviations of the cholesterol content of each 
of the samples were also determined. 
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CHAPTER IV 
RESULTS AND DISCUSSION 
Sensory Evaluation of ND~l 
The purpose of this experiment was to monitor the effects of 
temperature, type of package, atmosphere in the container and the 
form of the milk to determine optimum conditions for maintaining tt1e 
sensory quality of NOM during long term storage. Sensory data for 
each sample is presented for its overall acceptability and this value 
is a direct reflection of an oxidized/stale flavor. No other 
off-flavor was detected in the samples. The findings for each 
variable will be reported separately, followed by the results of the 
variable interactions and the attributes evaluated by the panelists. 
Mean score values and the results of the analysis of variance are 
presented in Appendix D. 
Form of the Milk 
Panelists were unable to distinquish between regular and instant 
NOM stored under the same conditions. After 48 months of storage, no 
significant difference (Appendix D) existed between the sensory 
quality of instant NOM and regular NDM (Figure 2). These results are 
not in agreement with the results from a preliminary study done by 
Bassette and Keeney in 1960. He stored instant and regular NOM at 









developed a stronger cereal-like flavor than did regular milk and 
concluded that regular NOM stores better than the instant variety. 
Instant NOM was developed to increase the convenience of NOM by 
making it easier to reconstitute. To do this the porosity of each 
particle is increased. During the instantizing process, the milk 
powder particles are humidified so that the surface is tacking and 
partial crystallization occurs before the particles are r edr ied. 
They are then redried and cluster in spongy aggregates which water 
can quickly penetrate. Nonnal milk particles clump together rather 
than disperse in water (Webb et al. 197 4 ). Theoretically, an 
increase in porosity may also provide a 1 arger area for c hemical 
breakdown but based on these results , th i s increa se in po ros i t y di d 
not make the instant milk deteriora te more quickly than the regular 
mi 1 k. 
~of Package 
At 42 months the main effect of package-gas significantly 
(p<.05) affected the overall acceptability of the NOM ( Appendix D). 
The main effects type of package and atmosphere in the container were 
analyzed separately for the remaining study period to avoid 
confounding. 
At 48 months of storage, NOM samples stored in polybags were 
detennined to be statistically less acceptable than samples stored in 
cans (Appendix D). The mean scores of milk samples stored in 
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Figure 3. At 48 months, the mean scores for overall acceptability of 
samples stored in polybags and cans were 3.80 and 2.97, respectively 
(Appendix D). From this data it was concluded that polyethylene bags 
are permeable. * The data in Table 1 supports this observation. 
Table l. Permeability of Polyethylene Bags. 
Variable Amount of Penoeability 
Water 









*g of water per ml thickness per 645 sq em 
in 24 hr at 37.8 C. 
**cc per 645 sq em per ml thickness in 24 
hr at atmospheric pressure at 25 C. 
Consequently, even milk packaged in bags in an atmosphere of 
carbon dioxide may be susceptible to air oxidati on. As carbon 
dioxide moves out of the bag, oxygen enters to replace it and 
oxidation may occur This theory is supported by findings of Kilman et 
al. (1~62) that in the presence of only 0. 1% oxygen, oxidative 
deterioration does occur. 
*Robert Gerber 1982: personal communication. 
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Atmosphere~ the Container 
Because of the permeability of the polybags, only the data for 
milk samples stored in cans was used to determine the effect of 
atmosphere in the container on the storage of NDr~. Furthermore, to 
observe the effect of gas over a long period of time the data for the 
samples stored at 32 C was not included. These samples developed 
off-flavors very rapidly and were not evaluated after 24 months of 
storage. 
The sensory quality of ND~1 samples stored in atmospheres of 
nitrogen, carbon dioxide or air for 48 months were not significantly 
different (Appendix 0). From Figure 4, it can be seen al l of the 
samples received similiar ratings. Prior to this experim ent it was 
believed that ND~1 samples stored in an atmosphere of air '.-~Ould 
deteriorate before samples stored in either nitrogen or carbon 
dioxide. This deviation from the expected results may be explained 
by the packaging method. Because vacuum packaging minimizes the 
oxygen present in the can, a pretreatment to alter the gas atmosphere 
may not be necessary. 
Storage Temperature 
Temperature had the most significant effect on the length of 
time that NOM could be stored. Figure 5 shows the effect of 
temperature on the overall acceptability of NOM Samples. At 24 
months of storage, the mean score for the overall acceptability of 
Figure 4. The effect of atmosphere in the can on the storage of NOM. 
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the milks stored at 32 C was 4.16, statistically less acceptable than 
samples stored at 10 C or 21 C . The samples stored at 32 C were not 
considered suitable for human consumption and were no longer 
evaluated. This data supports the hypothesis that NDt~ stored at high 
temperatures will deteriorate more rapidly than milk stored at low 
tenperatures. This hypothesis is based on the chemical principle 
that the rate of a reaction increases directly with an increase in 
temperature. Therefore, given enough time, even milk stored at 10 C 
will become unpalatable because the same reactions are occuring at 
this temperature, albeit at a slower rate. However, because of the 
different rates of this reaction, the products which develop and the 
off-flavors produced may be different (McWeeny 1980). 
At 30 months, NOM stored at 21 C was statistically different 
from samples stored at 10 C (p<.005). However, at 36 months no 
statistical variation was detected. This inconsistency can be 
explained by the standard deviation of the samples. At 30 months, 
the mean score for the overall acceptability of the samples stored at 
10 C was 2.27, with a standard deviation of .13; the mean value for 
the samples stored at 21 C was 2.99 with a standard deviation of .43. 
Although at 36 months the mean scores of the 10 and 21 C samples were 
3.25 and 3.70, respectively, their respective standard deviations 
were .61 and .67. The statistical measurements of the samples stored 
for 36 months varied greatly, while there was very little variation 
in the data evaluated at 30 months. 
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panelists at 48 months of storage (p<.Ol ), with a mean score of 3.83. 
Samples stored at 10 C were still acceptable at 48 months of storage. 
Fresh and Control Samples 
The mean overall acceptability score (Figure 5) of the control 
sample increased with time (Appendix D). To detennine if the control 
samples had changed, fresh ND~1 was obtained from Carnation for 
comparison. The mean scores for the fresh and control samples were 
2.83 and 2.77, respectively. Since these scores were not 
statistically different, it was concluded that the control samples 
had not changed. 
Considering the length of time over which the experiment was 
conducted, . the increase in the control sample is probably a 
reflection of a nonnal bias of the taste panel members. Panelists 
may have assumed that because the study lasted for such a long time, 
all of the samples being evaluated must have decreased in quality. 
Also, panelists may have simply lost interest as time progressed, 
resulting in less discrimination in their opinions. 
Results of Main Effect Interactions 
Analysis of variance (Appendix D) indicates that the overall 
acceptability of NOM was not affected by the interaction of the fonn 
with package, or the atmosphere in the container or the storage 
tenperature. Interaction of storage temperature with package-gas was 
statistically significant at 42 months of storage. At 48 months At 
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48 months of storage, the interaction of storage temperature and type 
of package was statistically significant (Figure 6). Table 2 lists 
the mean scores for temperature and type of package variables at 48 
months of storage. The NOM samples stored in polybags at 21 C were 
statistically less acceptable than NOM samples stored in polybags at 
10 C or in cans at either 10 or 21 C. 
Table 2. Mean Scores of the Overall Acceptability of the 
Interaction of Temperature and Type of Package 
At 48 Months of Storage. 
Container Temperature (c) t~ean Score 
Can 10 2. 
Can 21 3.17 
Po 1 ybag 10 2.78 
Polybag 21 4. 81 
These results reflect the pri nci pl e discussed previously. At 21 
C reactions will occur at a faster rate than at 10 C and because 
polybags are permeable, oxygen is present in the polybag to react 
with oxidizable material and thus produce off-flavors. Therefore, 
given time, the quality of milk samples stored in polybags at 10 C 
\vill also decrease. 
Attributes of the NOM 
The decrease in overall acceptability of ND~l is a direct 
Figure 6. The effect of the interaction of package and temperature 
on the overall acceptability of NOM. 
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reflection of the development of an oxidized/stale flavor. 
Oxiaized/stale flavor may be caused by oxidation reactions occurring 
during the storage of the milk. With one exception, the panelists 
did not detect the presence of a cooked flavor, a metallic flavor or 
a decrease in the mouthfeel of the NOM. At 42 months, two panelists 
rated the milk a s having a very strong metallic flavor. Since the 
other 9 panelists did not agree, it was concluded that this 
represented an error in judgement and not the development of a 
metallic flavor in the milk. 
Summary of the Sensory Evaluabon 
of ND~1 ---
Figures 7 and 8 summarize the effect of the study variables on 
the overall acceptability of NOM. At 24 ~onths of storage, 
temperature had the most dramatic effect on the sensory quality of 
the milk. Although there was very little difference between control 
samples and those stored at 10 or 21 C, the NOM stored at 32 C was 
not acceptable. 
Analysis of variance in the samples stored 48 months indicates a 
difference in the efficiency of the storage containers. Samples 
stored in polybags were less acceptable than samples stored in 
tightly sealed cans. Storage temperature differences were also 
significant; at 4~ months the samples stored at 21 C were less 
acceptable than either the 10 C samples or the control samples. 
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Figure 8. Mean scores of study variables after four years of storage. 
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Results ~ the Solubility Index 
The solubility of NOM samples was evaluated every 3 months for 
the first 18 months and every 6 months thereafter. Throughout the 
study period, the regular NOM samples were more soluble than the 
instant samples. Variations in the solubility of the instant milk 
samples were random and could not be correlated with storage 
temperature, type of package or the atmosphere in the container. 
At 24 months, NOM stored at 32 C was not acceptable for 
consumption. Solubility data collected at 24 months were analyzed 
for variance (Appendix D). The results are listed in Table 3. There 
was no statistical difference in the solubility of the samples stored 
at the high temperature. The difference in solubility occurred 
between regular and instant milk samples regardless of temperature; 
the regular samples were rnore soluble. Atmo sphere of the container 
and type of package did not affect solubility. 
Table 3. Solubility Data of NOM Stored For 24 Months. 
Factor Of ~IS F-ratio 
Temperature 2 0.2388 3.59 
Gas 2 0.0175 o. 21 
Type of Package 1 o. 0320 0.40 
Form 1 0.8807 17. 71 * 
* (p<.001) 
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At 48 months, milk samples stored at 21 C were not considered 
c.cceptable for consumption. Solubility data collected at this time 
vas analyzed for significant variance. The results of this analysis 
c. re presented in Table 4. Storage temperature, atmosphere in the 
container and the type of package did not signifi c antly affect the 
solubility of the NOM. The fonn of the milk did affect the 
solubility of the milk; regular NOM was more soluble. 
ab 1 e 4. So 1 ubi 1 i ty Data of Nllt,l Stored For 48 t~ onths. 
Factor (Jf M~ F -ratio 
l emperature 1 0 .01 301 1. 90 
Gas 2 0. 00186 U.24 
ly pe of Package 1 u. 00161 0.22 
Form 1 0.07813 24.19* 
These results do not agree with the findings of Lea et al. 
(1 943) . They stored milk at 37 and 47 C with atmospheres of air and 
ri trogen for up to 7 months and found a 1 oss in so 1 ubi 1 i ty related to 
the atmosphere in which the milk was stored. The loss in solubility 
was significantly less in the nitrogen packed powders than in those 
packed in air. Henry et al. 1948 found that NOM stored with a high 
moisture content showed a greater loss of solubility after storage 
fur 1 week at 37 C than the milk powder of low or medium moisture 
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content after 2 years at 37 C. The solubility of NOM in this study 
may have been maintained because of the arid Utah climate which 
provided a low moisture environment for storage. 
In 197B, ~arburton and Pix ton suggested that the 1 actose in 
dried milk crystal izes at a moisture content of 77o or above and 
therefore the safe upper 1 imit for the storage of spray dried skimmed 
mi lk is about 6% moisture content. Above this level lumpiness and 
caking occur, resulting in the eventual formation of a solid cake. 
Protein insolubility also occurs, which causes the milk to separate 
into layers when reconstituted with water. At 54 months, the average 
rnoi sture content of the NO~! samples was 2.03 %. The optimum range 
suggested by Holm et al. in 1927 was 2 to 3% . 
Results of Gas Chromatographic Analysis 
Samples of ND~1 representative of each of the storage variables 
studied were analyzed to determine their cholesterol content and the 
quantity of cholesterol present as oxidative derivatives 
(oxysterols). The results of the gas chranatographic analysis are 
presented separately for each variable. Results are reported in 
parts per mill ion (ppm). The standard deviation fran the mean for 
the cholesterol content of each sample is presented in Appendix E. 
Retention times of cholesterol, the eight standard oxidative 
derivatives of cholesterol, and the internal standard arr presented 
in Table 5. 
* Table 5. Gas Chromatographic Retention Times of Cholesterol, 
the Internal Standard and the Eight Oxidative 
Derivatives Of Cholesterol. 
Compound 
5 a-Chol e stane 
Cholesterol 
7 6- hyd roxyc ho 1 estero 1 
LU a- hyd roxyc ho 1 estero 1 
25-hydroxycholesterol 
5,6-epoxycholesterol 
Cholestan-3 8,5a diol-6one 
Chol estan-3 8,5 a ,6 8- triol 
4-Chol es ten-3one 












* 1.8 m 2 rrrn i.d. stainless steel column, 3% QF-1 on 
80/100 mesh Gas Ct1rom Q, 245 C, isothermal 
F o nn o f the ~1 il k 
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Instant and regular NOM samples stored in cans in an atmosphere 
of air at 21 C were analyzed to determine if the form of the milk 
affected the quantity of cholesterol present and whether oxidative 
der ivatives of cholesterol had fanned. There were 177 ppm of 
cholesterol present in the instant NOM samples and 162 ppm of 
cholesterol in the regular samples. Three oxidative derivatives of 
cholesterol (oxysterol s) were present in the regular NOM samples and 
three oxidative derivatives were present in the instant samples. 
Retention times and quantity of the compounds present in instant and 
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regular NOM samples are presented in Table 6 • 
. 
Table 6. Oxysterol Compo unds Present in Instant and Regular NOM. 
* Compound Retent1on Time {minutes) 
Instant Regular 
Cholesterol 9.57 9.56 
Compound 1 11.68 11.62 
C an po u n d 2 13 • 5 7 13 • 60 
Compound 3 17.60 17.54 
Total Oxidative Derivatives of Cholesterol 
Percentage of Cholesterol as Oxysterol s 
* Appendix F 







0. 53 % 





0. 74 % 
Based on the reproducibility of retention times of the standard 
compounds it was concluded that canpounds 1, 2 and 3 are the same in 
both the regular and the instant NOM. None of the retention times 
for these compounds are the same as for the standards. Consequently, 
none represents the most toxic known oxidative derivatives of 
cholesterol. Long term storage of NDfvl resulted in simil iar changes 
in the nonsaponifiable lipid fracti on of instant and regular NDt11 
samples. 
~of Package 
Cholesterol content of the NOM samples stored in cans was 
similiar to that of the milk samples stored in polybags {Table 7). 
Three oxidative derivatives were eluted from the samples stored in 
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cans, for a total of 0.94 ppm. The total quantity of oxidative 
derivatives of cholesterol present in the polybag samples was 1.13 
ppm. The retention times of the oxidative derivatives in these 
samples did not correspond to the retention times of any of the known 
. oxidized products used as standards. Samples of NOM stored in 
polybags had more oxidative derivatives than did samples stored in 
c ans. t1ecause the polybags are penneable, a tightly sealed can is 
the preferred storage container. 
Table 7. Oxysterol Compounds Present in NDM Samples Stored in 
Cans and Polybags. 
Compound Retention Time (minutes) rvJean Quantity (ppm) 
Can Pol yb ag Can Polybag 
Cholesterol 9.57 9.58 177.00 173.00 
Compound 1 ll.bH 11.60 0.89 1.09 
Canpound 2 13.57 13.51 0.03 0.03 
Compouna 3 17. bO U.02 
Compound 4 17.H5 o. 01 
Total Oxidative Derivatives of Cholesterol 0. 94 1.13 
Percentage of Cholester~ as Oxysterols o. 53 % 0.65 % 
Atmosphere 2.!!_ the _Container 
Table 8 lists the retention times and quantities of oxidative 
derivatives present in NOM samples stored in an atmosphere of carbon 
dioxide (C02 ), nitrogen (N 2 ) and air. Samples stored in an 
atmosphere of carbon dioxide contained the largest quantity of 
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oxidative derivatives of cholesterol. Although carbon dioxide 
treated samples contained only three peaks other than cholesterol, 
the compounds which eluted at 11.63 and 13.69 min were in larger 
concentrations than the compounds found in the other samples 
analyzed. The carbon dioxide samples did not contain a peak which 
eluted at 17.58 min but this peak was present in the air and the 
nitrogen samples. Furthermore, the average cholesterol content of 
the carbon dioxide samples was only 151 ppm, which was the lowest 
cholesterol content analyzed. The analysis of the carbon dioxide 
samples was repeated because of the lack of reproducibility which 
resulted in a larg-e variation in the cholesterol values for these 
samples (Appendix E). Replication did not produce a change in the 
values reported. 
Table 8. Oxysterol Compounds Presents in NOM Stored in an 
Atmosphere of Nitrogen, Carbon Dioxide or Air. 
Compound Retention Time {minutes) Mean Quantity {ppm) 
N2 co 2 Air N2 C02 Air 
Cholesterol 9.59 9.62 9.57 170.00 151.00 177.00 
Compound 1 11.67 11.63 11.68 0.96 1.46 0.89 
Compound 2 13.66 13.69 13.57 o. 23 1.25 0.03 
Compound 3 17.56 17.60 0.17 o. 02 
Compound 4 19.08 u. 23 
Total Oxidative Derivatives of Cholesterol 1.36 2. 94 0.94 
Percentage of Cholesterol as Oxysterols 0.80% 1. 95 % 0.53% 
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Similiar quantities of cholesterol were present in the NOM 
samples stored in nitrogen ana air. However, samples stored in an 
atmosphere of air contained a smaller quantity of oxidative 
derivatives of cholesterol than did samples stored in nitrogen and 
although the samples stored in carbon dioxide contained the largest 
quantity of oxidative derivatives of cholesterol they also had the 
largest standard deviation, a reflection of the lack of 
reproducibility. Retention times of compounds present in samples 
stored in an atmosphere of air, carbon dioxide or nitrogen did not 
correspond to retention times of the oxidative derivatives of 
cholesterol which were used as standards. 
Storage Temoerature 
An oxidative derivative of cholesterol which was eluted at 11.12 
min was present in the NOM samples stored at 32 C. This canpound was 
not present in any other milk sample analyzed. The retention time of 
this peak is very close to the retention time of the standard 
compound 76-hydroxychol esterol. In 1967, Smith et al. studied the 
air oxidation of cholesterol samples by subjecting samples to heat 
for varying lengths of time. Two oxidation products were identified 
by thin layer chranatography: 7-hydroxycholesterol and 
25-hydroxycholesterol. The authors concluded that by heating 
cholesterol at 65 C for one month in air it is possible to decanpose 
the samples to an odorous, colored mass. Control samples held at 
room temperature for the same period of time developed only trace 
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amounts of 25-hydroxychol esterol and samples at 4 C did not develop 
any detectable oxidation products. Daly et al. (1983.) oxidized 
8- sitosterol at 100 C for 48 hours and identified the 7 cr and 
7 &- hydroxycholesterol as oxidation products. Because cholesterol is 
structured simil iarly to &-sitosterol analogous oxidation products 
may be fo nned. 
The results of Peng et al. (1979) showed that 7 - 8 
hydroxycholesterol was cytotoxic and caused cell death in 50 to 70% 
of the cells tested. Consequently, the presence of this compound in 
the NOM stored at 32 C could have serious health implications. These 
samples may not be fit for consumption due to unpalatability and 
possible angiotoxic effects. Alt hough 7S-hydroxycholestero1 was,the 
only toxic oxidative derivative of cholesterol identified in the NON 
samples stored at 3L C, these samples contained the second largest 
quantity of total oxysterols (Table 9) and surprisingly, the largest 
concentration of cholesterol. 
Samples of NOM stored at 10 C and 21 C contained approximately 
the same concentration of total oxidative derivatives of cholesterol 
(Table 9). The samples stored at 21 C contained four oxidative 
derivatives of cholesterol while the samples which were stored at 10 
C contained only two. This agrees with the expectation that at low 
temperatures less oxidative derivatives of cholesterol are fanned. 
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Table 9. Oxysterol Compounas Present in NOM Samples Stored 
at 32, 21 and 10 C. 
Compound Retention Time (minutes) 




















Total Oxidative Derivatives of Cholesterol 
Percentage of Cholesterol as Oxysterols 
Fre sh and Control Samples 
~lean Quantity (ppm) 



















0. 65 7~ 
Control samples, which were stored at -23 C, contained an 
average of 189 ppm of cholesterol. The average total quantity of 
oxidative derivatives present in the fresh samples was 1.31 ppm and 
the 1 argest percentage of these derivatives occurred in the compound 
which eluted at 11.68 min (Table 10). Smaller quantities of the 
oxidative derivatives of cholesterol were eluted at 13.64 min and 
17.60 min. Two oxidative derivatives of cholesterol were present in 
the control samples which totaled 1.45 ppm (Table 10). In both the 
fresh and the control samples the compound present in the 1 argest 
quantity eluted at approximately the same time. The fresh samples 
contained 1.18 ppm of a compound which eluted at 11.68 min and the 
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control samples contained 1.39 ppm of a compound which eluted at 
11.65 min. 
Table 10. Compounds Present in Control and Fresh ND~1 Samples. 
Compound Retention Time (minutes) 
Fresh Control 
Cholesterol 9.61 
Compound 1 11.68 
Compound 2 13.64 




Total Oxidative Derivatives of Cholesterol 
Percentage of Cholesterol as Oxysterols 













Compounds with the respective retention times 11.67 and 13.b6 
min were present in both the control and the fresh samples. These 
compounds were also pre sent in all of the ND~l samples analyzed. 
Perhaps these oxidative derivatives of cholesterol originate in the 
processing of milk from fluid to powder rather than during storage. 
This hypothesis is supported by the research done by Ryan et al. 
{19tH) • 
Ryan et al. {1981) examined beef tallow for the existence of 
oxidative derivatives of cholesterol. Refined edible beef tallow was 
placed in a deep fat fryer which intermittently reached 180 C over a 
period of 300 hr. Samples were removed from the fryer at 25 hr 
intervals. Their results indicated that the cholesterol present in 
the bee f tallow was oxidized. Three compounds present in the heated 
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tallow were identified as: 7&-hydroxycholesterol, 3 7 di.ol cholesten 
and 3, 5-cholestadien-7one. 
Ryan et al. speculated that tallow used as a frying medium may 
undergo oxidative changes due to the combined effects of oxygen and 
elevated temperatures and Kummerow (1979) postulated that oxidized 
cholesterol may be present in any fat used to deep fat fry chicken or 
fish. During the drying process, the inlet temperature of the dryer 
may range from 163 to 204 C (Harper and Hall 1976). During the 
dryi ng of fluid milk, the combined effects of temperature and the 
amount of oxygen present may cause oxidative changes in the 
cholesterol content of the milk. 
Results £f. Mass Spectroscopy Analysis 
~lass spectroscopy analysis of the ND~l sample stored at 32 C for 
48 months confirms the presence of the oxidative derivative 
7 8- hydroxychol esterol. The mass spectrum of this sample is shown in 
Figure 9 and the mass spectrum of 7B-hydroxycholesterol is presented 
in Figure 10. Because the gas chromatographic retention times and 
the mass spectrum of these samples correspond, the author concludes 
that the oxidative derivative of cholesterol 78-hydroxycholesterol is 
present in the NOM samples stored at 32 C for 48 months. Although 
the mass spectrum patterns of the other oxidative derivatives were 
typical of cholesterol no other canpounds present in the samples 
could be identified. 
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Sensory Wual ity and Solubility 
Nonfat dry milk cannot be stored indefinit~y. However, 
advances in technology have resulted in the production of a dried 
product which can be stored for a longer period of time than fiuid 
milk. Although the solubility of the NU~I is maintained during long 
periods of storage (48 months), the length of storage time is 1 imited 
because sensory changes occur, resulting in a product with an 
unacceptable flavor. 
This flavor was identified .by the trained taste J'anel as an 
oxidized/stale flavor, and is affected by high storage temperature. 
At 32 C and after 6 months of storage, NOM begins to develop an 
off-flavor and at 24 months, the NOM is no longer palatable. 
At 42 months at 21 C, NOM samples stored in polybags developed 
an oxidized/stale flavor, while milk stored in cans did not. The 
polybags were permeable, permitting the carbon dioxide moving out of 
the bag to be replaced by the air surrounding the container. 
Apparently, this exchange of gases and the rate of the reactions 
occurs more rapidly at 21 C than at 10 C, because samples stored at 
21 C were evaluated unacceptable before those stored at 10 C. 
Throughout the study, the samples stored in cans in an 
atmosphere of carbon dioxide, nitrogen or air were evaluated 
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simil iarly. The overall acceptability of the Not·l samples stored in 
vacuum sealed cans did not vary regardless of pretreatments to alter 
the gas within the container. Because of the permeability of the 
polybags, specific atmospheres in the bags were not maintained during 
the study. 
The form of the milk (instant or regular) did not effect storage 
and had only a slight effect on solubility. Although regular NOM was 
consistently more soluble than the instant variety, each form of the 
milk remained very soluble. 
To ensure a high quality product, NOM should be stored: 
(a) at low (lU Cor less ) temperatures. 
(b) in vacuum sealed cans. 
Oxidative Derivatives of Cholesterol in N0~1 
This research has resulted in valuable insight into the 
development of oxidative derivatives of cholesterol in NOM which has 
been stored under varying conditions for long periods of time. 
Although palatability is affected, NOM does not develop toxic 
oxidative derivatives of cholesterol in harmful quantities. This 
conclusion is supported by Imai et al. (1976) who gavaged 2 to 3 kg 
male New Zealand rabbits with various dosages of oxidative 
derivatives of cholesterol. Their results showed that a dosage of 10 
mg/kg of body weight of the oxidative derivatives resulted in 3 times 
the amount of degenerated aortic cells that were present in the 
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control rabbits. Theoretically, the effect of this dosage on a 70 kg 
man can be calculated. Taking into account the metabolic differences 
due to size, and the 1 argest quantity of oxidative derivatives of 
cholesterol in the tW~I samples analyzed, a man would have to consume 
117 kg of ND~I (dry basis) per day for similiar results to occur. 
Since this quantity is obviously too large to consume, oxidative 
changes of cholesterol during storage do not pose a health hazard. 
Recently Krut (l982a) suggested that the oxidation products of 
cholesterol ( oxysterol s) may prevent accumulation of cholesterol in 
tissue and in body fluids. Krut observed the synergistic effect of 
cholesterol and phosphatidylchol i ne to enhance the solubility of 
cholesterol. When used alone, neither phosphatidylchol ine nor 
oxidative derivatives of cholesterol had a marked affect in promoting 
cholesterol solubility. However, the addition of oxidation 
derivatives of cholesterol equalling 1% of the total sterols, grea~y 
enhanced the solubility of cholesterol when phosphatidylcholine was 
present. The oxysterol s most effective in promoting solubility were 
7 C4- hydroxycholesterol and 76-hydroxycholesterol. 
Krut (1982b) also examined the effect of these oxysterol s in 
solubilization of cholesterol in vivo. Tablets of cholesterol, 
cholesterol plus oxysterol s and each of these plus 
phosphatidylcholine, were subcutaneously implanted in rats. Tablets 
containing oxysterols went into solution rapidly and were cleared 
completely. Tablets without oxysterol s did not clear until 
phosphatidylcholine was added, at which time partial clearing was 
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observed. Perhaps then, the small amount of oxidative derivatives of 
cholesterol present in the NOM may play a beneficial health role. 
Storage conditions did not significantly effect the development 
of the oxidative derivatives of cholesterol. However, certain 
expected trends did occur. First, NOM samples stored at 32 Chad a 
larger quantity of oxidative derivatives of cholesterol than did 
samples stored at 10 and 21 C and included a known cytotoxin. 
Second, the quantity of oxidative derivatives of cholesterol was 
larger in the milk samples stored in polybags than in those stored in 
cans. Third, control and fresh dry milk samples contained similiar 
quantities of oxidative derivatives of cholesterol. 
Recommendations for Change 
If this study were repeated, the following changes should be 
implemented: 
(a) Refresher sessions held for the trained taste 
panel should include milk samples which represent 
specific off-fiavors at varying concentrations to 
correspond directly with the scale used to judge 
the samples. 
(b) To more closely resemble storage conditions which 
exist in hanes, samples used in further research 
should be stored in bulk quantity. Since people 
repeatedly open their large storage containers to 
obtain smaller quantities of the NOM, the samples 
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evaluated every six months would represent the 
milk which families actually consume. 
(c) The results of this study indicate that the 
polybags used were permeable to air, resulting in 
a less acceptable NOtvl product. If a plastic bag 
is to be used as a storage container for 
long-tenn storage, it must be impenneable. 
Research should be done beforehand to find the 
1 east penneabl e type of bag for use as a storage 
container. 
( d) Prior to sealing storage containers being tested 
for the effect of carbon dioxide, the containers 
""" should be analyzed to determine the actual gas 
concentrations present. 
Recommendations for Fu rther Study 
(a) The determination of oxidative derivatives of 
cl10lesterol present in dry eggs would be a useful 
project. Dry eggs are purchased for direct 
consumption and are also present in many dried 
food products such as cake mixes, pancake mixes 
and cookie mixes. These dry food products are 
expected to maintain high quality for 1 ong 
periods of time. Because dry eggs have a much 
1 arger quantity of cholesterol than NOM, changes 
in the cholesterol during storage could be 
substantial. 
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(b) Combining storage temperature, atmosphere in the 
container, and type of package variables with a 
moisture variable would be beneficial because it 
would represent the conditions which exist in 
humid areas. 
(c) The last, but perhaps most beneficial, project 
related to the long-tenn storage of food would be 
to ascertain what types of foods are being stored 
and what speci fie storage conditions are being · 
used for each. A questionaire could be included 
to determine if people are rotating the products 
they store. If this information were known, 
educational materials could be developed to 
assist consumers in the proper storage of these 
foods. 
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Appendix A: Autoxidation Products of Cholesterol 
Side chain 
Auto -oxidation 




C8h 1? r;·-j C 9H17 
~ 2H -r--1 rJ -- f~ vC / _/ 
H O T ' 




· 0 r 'H 17 
- -- (" +~~·,/ ~ 
HO ~)-~ 
0 





/2 H 2 CBHI 7 p -H2~ 
~ -HzD j *
C8HI7 - -HOr --::: C 
H riO 
l-0 0 (8hl7 
(3) ~ [1:-j 
JJJ:C: HO 
( 6: 
( 4 and 5) 
I. 25- hydro:..ycholesterol 7. 
2 . 2011 -hydroxycholesterol 8. 
3. 4- cholesten- 3 one 9. 
4 . 7d. -hydroxycholes terol 10 . 
5 . 7{3- hydroxycnolesterol II . 
6 . 7- ketocholesterol 12-
1, 9; 
\ 10) l •· zO 
CsHt7 ct?j c A-~j 8HI7 
HOJ r( 0 
(7) 
0 






3, 5 - chole sted1en - 7 one 
5, 6 - epoxycholesterol 
choleston- 3[3, 5'-<, 6/3 -tr1ol 
choles ton- 3[3, 5'1:' d1ol- 6 one 
cholestan- 3/3,ol - 6 one 








Appendix ~ Biosynthesis of Cholesterol · 
ace to- acetyl CoA 
J 
s- (B) hydroxy, methyl- CHOLESTEROL 
gl utaryl CoA 
S - hyd roxy- Bmethyl-
glutaryl CoA reductase 
meval onate 5, 7 cholestadienol 
1 I 













f arnesy lt yro phosphate 1 an sterol 
i 
presqualene pyrophophate squalene-2, l oxide 
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Appendix f..:_ Milk Evaluation Form 
Name Date --------------------------- -----------------
Please evaluate each milk sample according to the following values. 
Cooked Oxidized Overall 
Seale Flavor or Stale Metallic ~1outhfeel Acce ptab i1 i ty 
7 Extreme Extreme Extreme Chalky or Dislike extremely 
puckery 
6 Dislike very much 
5 Dislike moderately 
4 Moderate Moderate Moderate Moderately D i s 1 i ke s l i g h t l y 
chalky 
3 Like slightly 
2 Like moaerate l y 
1 None None None Smooth Like very much 
Please evaluate the following attributes of each sample using the 
above point seal e. 
SAI•IPLE CODE NUt~BER 
COOKED 






Appendix Q_:_ Statistical Data 
Table 11. Analysis of Variance of NOM Stored 30 Months. 
( • 
.,)( •lii'Cl~ tlf Conk(.,d Fl :1 VOl ' (),; i d i zAd S L:l 1 (! \!e t:J 11 i c ----· 
~.LS F-ra tlO I. IS F- 1·a tio !IS F- rnt io 
Fn1 111 l 0.\3 0 . ·15 O.RS 0. 30 0.63 0 . Hl -----
~~ ~,( · lz:~~c--Cias 4 0.8-1 0 . 29 1.97 0 . 88 0 . 63 l. 8!) 
---~1K'l'a t tU' e l 0 . 27 0.91 50.40 22.60H4< 0 . :.!1 0 . 92 
F< , :m X 
~a c l'r~g~a..'i 4 O.-i2 0.15 0.38 0 . 17 0.15 0 .·17 
F<Jllll X 
Tn.1; Jd'a uu·e 1 0 . 50 2.02 :.! .91 l. 75 0. 18 0 . 5-1 
P:~d,a,.; c-Ga.s X 
____ ...'G:!~lpera tul ·e 4 0. '15 1.56 l. 31 0.58 0.12 0.37 
Fu1111 X 
l'<w l«tgL-G:G X 
________ )'u :·,l JC ra tun? 'I 0 . 29 0.98 l. 28 0.57 0. 2:1 0.68 
~buthfee l 
~LS F-rat in ---
0. ll 0.27 
0 .26 0.61 
0 . 94 2.35 
0 . 87 0. 22 
0.05 0.12 
0.18 0 . -1-l 
0.29 0 . 7J 
SJI{ni f i c:u1ce : 
• = .05 
•• = . 01 
••• < . 005 
Overal l 
~LS F- 1·arin 
1.07 0 . ~1 
2 . 56 1.20 
4:.!.10 21 . 70• .. 
0.46 0.23 
3.77 1 . DO 
l.-i8 0. 7-1 







Table 12. Summary of Means for NDM Stored 30 Months. 
Cooked Flavor 0:-:idized Flav or tl e tallic Fl av ol" 
rc, rm 
J(.::gu 1 <i r 1.17 2 ,ltB 1.11 
ln s r.::.nt 1.18 2.53 1 .12 
I' <:cka,;e 
Pn1 yLug 1.18 2. 70 1. 25 
Can 1.18 2 . 38 1.03 
Ccs 
Air 1.16 2.44 l.l7 
co') l. 19 2.61 1.11 
H.,. 1.18 2.43 l. 00 
~ 
Ter1pL! 1· .-. t u rc 
Hl 1. 14 2.06 1.14 
:' 1 1.1.1 2.95 1.09 















Ov e rall 

















Table 12. Continued .. 
Overall 
Cooked Flavor Oxidjzed/Sta1e Flavor Hetallic Flavor Nouthfe e ] /\ cce rt a nce 
Form X Package 
R~gular, po1yb ag 1.17 2.58 1.17 1.21 2.69 
Ref,ular, can 1.18 2.43 1.07 1.1.8 2.57 
Instant, po1ybag l. 18 2.61 1.18 1. 22 2. 7 2 
Instant, can 1.18 2.45 1. 07 1.19 2. ] 4 
Form X Temperature 
Regular, 10 1. 16 2.27 1.13 1. 17 2.44 
negulnr' 21 1.17 2.72 1. 10 1. 22 2.80 
Instant, 10 1.16 2.30 1.13 1.] 8 2.47 
fn~;tant, 21 1.20 2. 74 1.11 1. 23 2.83 
Form X Gas 
ncgular, air 1.1.7 2.46 1. 14 1.19 2.5fl 
P-er,ular, co
2 1.18 2.54 l.ll 1.19 2. 65 . Hegular, tl
2 
1.] 7 2. 4 7 1.08 1.19 2.60 
Instant, a1r 1.] 7 2.49 l. 14 1. 21 2.6 2 
In s tnnt, C0
1 1. lfl 2.57 l. 12 1. 20 2 . 118 
J r s t "n t , tl
2







Table 12. Continued. 
Over~ll 
Cooked F1nvor Oxidized/Stale Flavor Me tallic Flavor Mouthfeel Acceptan ce 









Package X Temperature 
Pol ybag, 10 
Po]ybcg, 21 
Cnn, 10 
Can, ~ l 
Gas X T~mperature 
Air, 10 
Air, 21 
1.0 2 , ]() 
C() ·) , 2 l 
I ~ 
2 
·, l 0 





























2. 1 7 
2.80 
l. 21 1. 22 2.67 
1.18 1. 22 2.75 
1.09 1.18 2. 55 
1.06 1. 1 p. 2.61 
1. 02 1.17 2.58 
1.19 l. 74 2.49 
1..16 1. 25 2.00 
1. 08 l. 16 2. 4 2 
1.06 l. 21 2. 75 
1.15 1.15 2.40 
.l. 13 1. 23 2.80 
l. 13 1.17 2. L, 7 
]. ] 0 1.22 2.07 
1 . l () l. Hi 2.JA 






Table 13. Analysis of Variance of NOM Stored 36 Months. 
Sout·cc Of Cooked Flavor O:ddlzcd ~tal e Ueta1llc lk•uthfeol Overall 
lt3 F-ratto MS F-ratto ~t3 F-rutio m F-ra tio ~t3 F-ratio ---
Fonu 1 1.81 3 .05 5. 78 2 . 13 1.28 2.98 0 . 98 0. 71 3.92 l.G5 
Pacl-.'lge--Gas 4 1.46 2.4G 2.85 1.05 0.3'/ 0 .86 0 . 27 0 . 19 2.17 1.01 
Tmrc•·a tu1·e 1 0 .85 1.43 1. 28 0 . 47 0 . 00 0.19 0.72 0 .52 5.78 2 .'13 
fo1111 X 
_ra ~ kn r. e-Ga..'> 4 1.61 2 . 78 2 . 51 0.92 0 . 23 0 . 5-1 0.23 0 . 17 3 . 13 1. 32 
l'•mn X 
1\Jnpcra ture 1 0 . 05 0.00 l. fi2 0.60 o.:12 0 . 71 0.00 O.o:J 2.12 1 . 02 
Pacl~age-Gns X 
Ttilpe.-u ture 4 0 .2G 0.11 5 .Gl 2 . 07 0 . 1:1 0.30 o.:1s 0 . 25 6.31 2 . 67 
F•>llll X 
J>ad\:q;<..'-Gas X 








Table 14. Summary of Means for NON Stored 36 Months. 
VVt:J.c..t.J..l 
Cooked Flavor o·xidized/St;de Flavor Hetallic Flavor Houthfeel Acc eptance 
Form 
I·! cg u 1 a r ] . 14 3.1) 1.22 1. 52 3.38 
Instant 1.43 3. 36 1.06 1. 42 3.67 
Packc:ge 
Polybag 1. 56 3.59 1.14 l.l,g 3.75 
Can 1.10 3.21 1.14 1. 46 3.38 
r.os 
Air 1. 42 3.30 1. 24 1. 45 3.58 
co., 1. 25 3.5B 1.08 1. 53 3.70 
~!2 ·- l. 08 3.13 1.13 1. 43 3.] 8 
Tet:tpe r a tu 1·e 
10 l. 27 3.28 l.] 2 1. 43 3.35 
:? 1 1. 30 3.46 1. 16 J. 51 3. 7 C) 
Control l. 20 2.45 1. 10 1.35 2.65 v 
(-23, ll
2





l:1ble 14. Continued. 
Overnll 
Cooked Fl.:wor Oxidjzed/Stale Flavor He tal lie Flavor Houthfcel Acc c pto:lCP. - ·--
Forn X I' CJ cl:.:1gc 
llcgul ar , polybag 1. 33 3.34 1.18 1. 51 3.54 
l~ vg ul :!r, can 1. 12 3.18 1.] 8 1. 49 3.38 
I 11 s t .:-111 t , p o 1 v b a g 1. 49 3. 46 1.10 1. 45 2.21 
J 11 s t. <lll t , can 1. 25 3. 29 l.] 0 ]. 44 3.51 
Fo n~ :-:: Tcr:1pera ture 
Pq~ul <J r, 10 ] . 21 3.21 1.17 1. 48 3.37 
n q ·, u ] [I r , 2 1 l. 22 3.30 1. 19 l. 52 3. 5!1 
ln stnnt , 10 1. 35 3.32 l. 09 1. 43 3.51 
[nst<ont, 2 1 1. 37 3. Ltl 1 . 11 l. 4 7 3.69 
Fon~ 1 X C<1 s 
J:.:_. guL:n: , air 1. 26 3.21 1. 23 l. 49 3. [j 7 
Rc>gul.:n , co
2 1.19 3.03 1.16 1. 52 3.5:? R(; gu l <J r, H
2 
1.12 3.13 l. 19 l. 49 3.32 
Jn s rant, a1r 1. 43 3.33 1.14 1. 4 3 1. 69 
ln SUlllt , CO .) l. 35 3 ,lt6 l. 37 1.4 7 3.6B 
"""0 ln ~: r;,nt, t!
2





Table 14. Continued . 
Ov e rall 
Cooked Flavor Oxidiz ed/ St a le Flavor Me tallic Flavor Houtllf eel Acce ptan ce 




Can, aj r 
Can, co
2 C<1n , 11
2 
Package X Tempera ture 
l'cdybnp, , 10 
Polybag, 21 
Cilil, l 0 
Ca n, 21 
Gas X Temperature 






l\ ~ ]0 

























































l. 4 7 
l. 52 







3 .5 3 
3. 72 













Table 15. Analysis of Variance of NOM Stored 42 Months. 
Source Df Cooked FlaVOl' Oxidized SL1tl e ~le ta lllc 
~~ F-ratto MS F-ra t io I~ F-mtio ----
ft•tm l 0 . 13 0.18 2 . 88 1. 35 0 . 01 0 .01 
Package-Gas 4 0.26 0 . 37 6 . 30 2.95 0.01 0 . 01 
!~~perature l 0.13 0 . 18 52.00 24.404 .. 0 . 01 0 . 01 
Fonn X 
Package-Gas 4 0.55 0.81 2.00 o.
1
w 0 . 01 0 . 01 
Fotm X 
TEmpera tw·e l 0 .01 0 .73 3.92 1.&1 0 .01 0.01 
Package-Gas X 
TOI1'eratw·e 4 0 . 45 0.66 10.80 5.05. 0 . 01 0.01 
Fmm X 
Package-Gas X 




0 . 31 0 . 29 
0 . 32 0 . 30 
0 . 21 0.19 
0 .98 0.92 
0.15 0.14 
0 . 31 0 . 29 
Slgnif icanc:e: 
• = . 05 
•• A o 01 
••• .oos 
Overall 
us F-rat io 
3 .38 l . 79 
8.01 4 . 27• 
46.10 2·1. 5CJHO 
0 .69 0.37 
4 . 50 2 . 39 
10 . 30 5 . 46. 






Table 16. Sunmary of Means for NOM Stored 42 Honths. 
__ ______fQnn Cook <-'<1 Oxidiz.edLStal e 
Rr:! ;u I a r 1.42 2 . 97 
ht st.a nt l. 37 3 . 21 
Pad'"tge 
Po lybag l . 33 3 . 25 
Can l.+l 2 .98 
Ga.s 
Ai , . 1.36 3 . 34 
a>_: 1 . 40 3.10 
£!2__ 1 . 45 2 . 58 
_ ___ IQ~!l'er·ature 
5tP 1.42 2.58 
1rP 1. 37 3 .60 
Con t ro I ( --2:3, N
2
, r:u1) l. 58 2 .·18 
Sibn i fi cance : ... < .005 
Metallic ~buthieel 
1.10 l .39 
1 . ll l. 45 
l. 10 l. 45 
1.11 l. 40 
1.10 1.43 
1.11 l. 48 









3 . !'>l 
3 . 39 
2 . 65 
2 . 82 
3.78 







Table 16. Continued. 
Fonn X Pac~e Cooked Oxidized[Stal~ 
Regular Polybag 1.33 3.15 
Regular Can 1.48 2 . 85 
~nstant Po1:[bag 1.33 3.35 
Instant Can 1.10 3.12 
Fonn X TUIJ?erature 
Regular 5(1) 1.44 2 .60 
Regular 7\P 1.40 3.34 
Instant 5rP 1.10 2.56 
Instant 7rP 1 .34 3.86 












3 . 68 
3.27 
2. 8-t 
3 . 50 
2.80 







Table 16. Continued. 
Package X Gas Cooked Ox lcli zedLSta l c Me tallic ~lout hf ee 1 Ove ra 11 
Polzt:~s Air l. 35 3.13 1.10 1.38 3.43 
Po1ybag% 1. 30 3 . :18 1.10 1.53 3.73 
Can Air l. 38 3 . 55 1.10 1.48 3.65 
Can CD-> 1.50 2 . 83 1.13 1.43 3 . 05 
Can__!i2 1.15 2.58 1.10 1.30 2.65 
Package X Temperature 
Po1}'b<y} 5CP 1. 35 2.25 1.10 1.40 2 .63 
Fblybag 70° 1.30 4 .25 1 . 10 1.50 4 . 53 
Can 50° 1.47 2 . 80 1.10 1.37 2.9:1 
Can 7r:P 1.42 3 . 17 l. 12 1.43 3.28 
Gas X Tempera tw·e 
Air 500 1. 28 2 . 85 1.10 1.43 3 . 05 
Air 7r:P 1.45 3.83 1.10 1.43 ·I . Cl:l 
en, 5r:Jl 1.50 2.45 1 . 10 1. 38 2.78 
ro, 7r:P 1.30 3 . 75 1.13 1. 58 -t . (1() 
N,., srP l. 55 2.30 l. 10 1 . 30 2 . ·15 
-o 
~ 7rP 1. 35 2 . 85 1 . 10 l . 30 2. a:, 
AI 
;.Q ·----·------ ro 
l.O 
~ 
Table 16. Continued. 
Packac:e X (~as X Tcmperatw·e CcxJked Oxidized/stale 
f\>lyb:1g Air 50° 1.30 2.45 
Polybag Air 70° 1.40 3.80 
Pol ybag CD:> 50° 1. 40 2 . 05 
Po lybag CD2 7o0 1.20 1 . 70 
Can Air 5rP l. 25 3 . 25 
Can Air 7cP 1. 50 3 . 85 
Ca.n CD2 5r:P 1.60 2.85 
C:.n CD·1 7rP l. 40 2.80 
Can N2 5CP 1.55 2 . 30 
Can N2 7cP 1. 35 2 . 85 
Significance: 
... = .05 
Me tallic ~Iouth feel 
1.10 1.40 
1.10 1.35 
1. 10 1.40 
1.10 1.65 
1.10 1 . 45 
1.10 l. 50 
1.10 1. 35 
1 .15 l. 50 
l. 10 1.30 
l. 10 1.30 
Ove rall 
2.80 
·1 . 05 
2.45 
5.00 
3 . 30 











Table 17. Analysis of Var iance of NOM Stored 48 Months. 
Sou t-ee Df Cool<cd Flavor O:ddiz.ed/Sla l e ~1et.a111c ~buth f cr? l Q\·cra II 
m F-rat to ~IS F- ratto HS F- ralio ~lS F-t·at i o ~IS F- r:1t io 
Fom1 I .002 .003 0.92 0 .31 . 02 0.18 0 .11 0.11 1.3 0.5·1 
Pac kar~e 1 1.9 3.2 21.0 8.0 .. 0.14 1.6 0.14 0.11 2G.O 11.0 .. 
Gas 2 1.3 2.2 5.0 1.9 0.04 0.42 0.57 0.46 6.6 2.8 
TEmpct·ature 1 0.92 1.6 21.0 8.0 .. 0.14 1.6 1.7 1.3 30.0 13.0• 
Fonn X PackaRe 1 0.39 0.66 0.14 0.05 0 . 02 0 . 18 1.3 1.0 0 . 39 0.17 
Fonn X Gas 2 0.19 0.32 1.9 0.69 0.00 0.70 ].0 0 . 81 2.4 0.99 
Fonn X Tanpcrature l 0.01 0.02 1.5 0.54 0 .03 0.35 2.4 1.9 0.95 0.40 
Packar'e X Gas 2 1.3 2.1 3.8 1.4 0.14 1.6 O . SG 0 . 45 1.8 2.0 
Pac kaf(P. X Tanp-
e ralut·e 1 0.02 0.03 13. 0 4.9•• 0.02 0.18 0.77 O.G2 15.0 G .4 • • 
Gas X Tcrnperature 2 0.57 0.96 1.4 0.53 0.03 0.28 0.57 0 . 46 0.<18 0.20 
Fo n11 X Packa~e 
X (;as 2 0.02 0.03 0.19 0.07 0.02 0.18 o. 11 0 . 11 0.10 0.01 
F01m X Gas X 
Tu , ~ x~ t ·a ture 2 0. 31 0.52 0. 7b 0.29 0.16 1.9 1.4 1.2 0.41 0.17 
Pac ka~e X Gas X 
Tcnpe ra lure 2 0.14 0.2·1 0.32 0.12 0.00 o. 70 0.25 0. 20 0.47 0. 20 
Fonn X Package 
X Tutl .ct·a l ut·e 1 0 . 13 0.21 2.8 1.1 0.28 3 . 2 ·1.5 3.G 1.8 0. 7-t 
'U 
OJ S I r~li f lc.ance - • = . 05 (!) •• = .01 ro 
I.D 
0'1 
Table 18. Sumnary of t~eans for NOt1 Stored 48 t1onths. 
Fonn Cooke?{) Flavor Oxidized/Stnle l.le tallic ~buth feel ()-_ , . , :t II 
llc(~ Jl a1· 1.31 3.40 1.03 1.49 3.18 
Ins tant 1.29 3.14 1.05 1.56 3. 1:1 
l'ackar.c 
J>o: ybag 1.31 3.73 1.05 l. 48 3 .80 
Can 1.29 2.00 1.03 1.55 2.97 
G:t_s 
Air 1.27 3.66 1.05 1.61 3.72 .__ 
m2 1.30 3.14 1.0:> 1.45 3. J.1 
tl2 1.38 2.75 1.00 1.50 2./B 
Tnnpe ratur·e 
50°f 1.25 2.80 1.00 1.39 2.7tl 
70°F l. 35 3.74 1.01 1.66 3 .83 
0 
Cuntru1 (-23 C, N::!' Can) 1.~ 2.39 I. 12 1.18 2 .·1G 
Form X P;ld:age 
l!r •t:~ llar fulybag 1.22 3 . 81 1.00 1.25 3.91 
11<'(:-tJI:lr Can I. 38 3.13 1.00 1.65 3. I \l 
ln :; t :u1l ll. ll~· har, 1.11 3.6G 1.03 1.72 J. l;!l -u 
PJ 
,.Q In s tant CUI 1. 21 2.79 1.00 l. ·ICi ") -r ~l> ~. j ·' 
<.D 
-.....! 
Table 18. Continued. 
Fmm X Tarperature Cool1cd Flavor Oxidized/Stale ~le ta 1 1 ic ~buth fe0 l ()\1'1;1 11 
--- · --~ .. 
nc~ular 50° 1.28 2.98 1.05 1.40 3.00 
ncr,ular 70° 1.35 3 . 83 1.00 1.58 3.95 
1-;stant 50° 1.23 2 .63 1.08 1.38 2.55 
Jnstant 70° 1.35 3.65 1.03 1.75 3.70 
Fonn X Gas 
Regular Air 1. 28 4.00 1.00 1.69 4. J:l 
Rq~ular ro2 1.22 3.16 1.00 1.28 3.19 
Regular N
2 1.56 2.69 1.00 1.50 2.75 
Instant Air 1.25 3.31 1.09 1.53 3.31 
Instant ro2 1.38 3.13 1. 0 3 1.63 3 . 09 
Instan t N2 1.19 2.81 1.00 1.50 2 . 81 
PackaRe X Ga..c; 
l\)1ybaR Air 1.16 3.75 1 . 00 1.47 3 . 81 
fu1ybap; ro
2 l.H 3 . 72 1. 09 l. 50 3 . 78 
Can Air l. 38 3.56 1.09 1. 75 3.G3 
Ca n co
2 
1.)] 2, 5(j \. ()0 I . ·I 1 :!.~rJ 







Table 18. Continued. 
Pac kar.e X Tffilneratur e Cooked Flavor Oxldi zed/Sla .l e !le tallic !buth Fee l Ou• J':l_l _l _ 
fulyi.Jag 50° 1.34 2.75 1.00 1.22 2. 78 
fu1ybag 70° 1.28 4.72 1.03 1. 75 4 . 81 
Can 50° 1.19 2 . 83 1.00 1.50 2.77 
Can 70° 1.40 3.08 1.00 1.60 3 . 17 
Gas X Trn~ature 
Air 50° 1.28 2.91 1.09 1.44 3.03 
Air 70° 1.25 4.41 1.00 1.78 4.11 
(X) 50° 1.28 2.69 1.00 1.44 2.59 2 
(X) 70° 1.31 3 . 59 1.03 1.47 3.69 2 
N 50° 1.13 2.81 1.00 1.19 2 . 63 2 
N 70° 1.63 2.69 1.00 1.81 2.91 2 
Package X Gas X Temperature 
Po1ybag Air 50° 1.25 2 .69 1.00 1.00 2.81 
Polybag Air 70° 1.00 4.81 1.00 1.88 4.81 
0 Polyb!lf{ (X)2 50 1.44 2 . 81 1.13 1.38 2 . 75 
fulybag (X)2 70° 1.50 4.63 1. 00 1.63 4.81 
Can Air 50° 1.31 3.1 3 1.19 1.81 3.25 








Table 18. Continued. 
P:1cka!;e X Gas X 
Tcm.J}t>r:l ltu:e (~nntipucd} Coolwtl Flavor Oxtdlzed/Slalc 
0 Can m2 50 1.13 2.56 
0 
Cnn m2 70 1.13 2.56 
0 
Can N2 50 
1.13 2 .81 
0 
Can N2 70 
1.63 2.69 
fotm X Package X Gas 
P.c~1ar Po1ybag Air 1.13 3. 9-1 
Regular Polybag m2 1. 31 3.69 
Regular Can Air 1.44 4.00 




Instant Po1ybag Air 1.19 3.56 
Instant Polybag co2 1.63 3.75 
Ins tant Can Air 1.31 3.00 
Instant Cnn ro2 l. 13 2.50 
Instant Can N2 
1. 19 2.81 





1.00 1. 31 
1.13 1.19 
1.00 2.00 
1.00 1. 38 
1.00 1.50 



























Ta bl e 18 . Continued. 
f n nn X Pack;~~c X 
I~'!!! ~_:_r ~!.ill£. ___ Coolw d Flavor O.~ldlz.cd/St;~lc 1.10. t a ll ic l b uth f e <7 l ( 1\ • · r:-~ I I ... ~.-~ ... ------
fiL'i-:u1at- Po1yba~ 50° 1.25 3.00 1.13 1.19 3.00 
ne~{U1ar Polyb_a~ 70° 1.19 4. 63 1.00 1. 31 4.75 
e<~ I'U 1 ar Can 50° 1.29 2 .00 1.00 1.54 2.93 
!legu 1 a r Can 70° 
:. • 
). 46 3.29 1.00 1. 75 3.12 
Instant Polybag 50° l.H 2. 50 1.00 1.25 2.50 
Ins tant Po1ybag 70° 1.38 4.81 1.00 2.19 4 .88 
Instant Can 50° 1.08 2 . 71 1.13 1.46 2.53 
Instant Can 70° 1.33 2.88 1.00 1.46 2. 9~ 
f u rm X Gas X Tunp::: r·ature 
!«::1~11ar Air 50° 1.38 3.31 1.00 1.56 3.56 
Rc:~1ar Air 70° l. 19 4.69 1.00 1. 81 ·I .G9 
llegul ar- CD
2 
50° 1.19 2.69 1.13 1.25 ~.G3 
lle;:ul ar 00
2 
70 0 1.25 3. 63 1. 00 1.31 3.7;j 
llr·gu1ar tl
2 
50 0 1. 25 2.88 1.00 1. 38 2 . (13 
llo·f~llar N2 70° 1.88 2.50 1. 00 1. 63 2.B8 
l ns t :u1t Air 50° 1 . 19 2.50 1. Hl 1. 31 ~ . ~) l) 






Table 18. Continued. 
t\ >11n X C:..s X 
l· . • ' ! .~.:G\. l\!!~!2l.lli.J.I" 'dl Cookecl Flavor O:dd i zetl / Sta le l.lr:ta II ic ~k:Juth ree l f.r, ' ' I .~ II 
0 




0 1.38 3.fl3 1.00 1.63 3.63 
0 
I ns t an t N
2 
50 1.00 2.75 1.00 }.()') 2.63 
Ins tant N
2 
70° 1.38 2.88 1.00 2.00 3.U) 
Table 19. Analysis of Variance of NON Stored 54 Months. 
s ·,urce Df Cooked fl avo r O:ddlzc<I/Stale !.le ta II ic 
HS f-ratio us F-ratio ns f-ratio 
fotm 1 0.81 1.0 2.5 0.80 0.12 0.15 
l'ackar;e 1 0.21 0.2G 6.2 2 .0 4.6 5.7• 
Gas 2 0.16 0.20 0.56 0.18 1.5 1.8 
Pacl-;ar:e X Form l 0.81 1.0 9 . 3 3.0 1.3 1.6 
Fo 1m X Gas 2 1.3 1.6 4.2 ~ l. 4 0.50 0.62 
Packa~e X Gas 2 .rot .001 0.69 0 . 22 1.4 1.8 
Pack~Re X Gas X Form 2 1.0 1.3 14.0 4.6 0.01 0.02 
~ S i • ~!ificJnce = .05 
~buth feel 
~IS · F-rat1o MS 
0.28 0 .19 0.95 
1.5 0.00 9.3 . 
0.38 0.25 0.64 
0.68 0.45 2.8 
0.60 0.39 1.7 
0.0009 0.{)()00 0.18 
0.01 0.009 8.6 
















Table 20. Surrmary of Means for NDt4 Stored 54 Months. 
Cool<ed Flavor Ox idi zed /Stal e 
llch\11 ar 1.13 2.6'1 
Fo 11n In s tant 1.~ 3.13 
Pol ybn~ 1.50 3.53 
Packn~ Can 1.33 2.50 
Air 1.36 2.93 
C02 1.48 3.05 
r.as N13---- 1.32 2.50 
Control <N
2
, -23°C, can) 1.29 2.68 
f onn X Packa~e 
Rer{U 1 ar E3ag 1.60 3.25 
R~·~lar Can 1.33 2.27 
Instant Dag 1.40 3.80 
Ins tant Can 1.33 2.73 
Uc tnllic ~but h Feel 
1.30 1.42 
1.32 1. 51 
1.48 1. 70 





























Table 20. Continued. 
Cooked Flavor Oxidized/Stale 
·-
fom X Gas 
Regular Air 1.43 2.76 
Regular ro2 1.57 2.91 
Regular N2 1.18 1.91 
Instant Air 1.29 3.10 
Instant ro::! 1.38 3.19 
Instant N 1.46 3.09 
P:Jckago X Gas 
Ba.g Air 1.45 3.60 
Bar: ro2 1.55 3.45 
Can Air 1. 27 2.32 
Canro
2 1. 41 2.68 
Cru1 N.., 1.32 2.50 































Table 20. Continued. 
Cooked flavor 
Fo nn X Packar,e X Gas • 
Re1 .. :ular Bat; Air l. 70 
Re~la.r 13ag (X)2 1.50 
Rer:ular Can Air 1.18 
Regular Can (X)2 1.64 
Regular Can N2 1.18 
Instant BaR Air 1.20 
Instant llar: CD2 1.60 
Instant Can Air l.3G 
Instant Can C02 ). 18 
Inst;ult Ci!Il N2 J . 116 
•All s ampl e s !:itore cl at srPr ( J2° C) 































3 . ~1 








Table 21. Analysis of Variance of NOM Over All Time Periods. 
Source OF Cooked Flavor Oxidized/State Meta 11 ic 
MS F-Ratio NS f -Ratlo MS f-Ratio 
Month l 2.29 4.45 1.67 0.69 2.68 10.23 
Temperature l 8.60 16 . 69 32 . 25 14. 38*** l .16 4.45 
Month* Temperature l 1. 65 3.20 114.24 46.62*** 2.12 8.11 
Gns 2 0.53 1.03 1. 99 0.81 0.36 1.38 
Temperature* Gas 2 0.95 1.84 3.65 1.49 0.02 0.07 
Month* Temperature* Gas 2 0.34 0.65 1.50 0.61 0. 15 0.58 
Package 1 0.22 0.43 2.35 0.96 0.52 l. 99 
Nonth* Package 1 0. 07 0.14 16.70 6.82** 1. 07 4. 10 
Gas* Package 1 0.40 0. 78 9.54 3.89* 0.01 0.05 
form 1 0.17 0.33 4.10 1. 67 0.00 0.01 
Month* fonn 1 0.14 0.28 3.47 1.42 0.05 0. 17 
Temperature* Form 1 0.02 0.04 4. 17 1. 70 0.04 0.14 
Month* Temperature* Fonn 1 0. 72 1. 39 0.84 0. 34 0.14 0. 54 
Significance: •~ .05 .... 01 Hili .mrs 
Mouthfeel 
MS f-Ratio 
0. 16 0.17 
3.02 3. 34 
3.66 4.04 
0. 54 0.59 
0.29 0.31 











50.86 21 .87*** 
71.62 30 . 79*** 
0.36 0.08 
4.13 0.89 
















Table 22. Solubility Data of NOM at 3 Months. 
Sample Instant Regular 
Polybag, Air 10 0.60 < .10 
21 0.40 < .10 
32 0.45 < .10 
co 2 10 0.55 < .10 21 0.85 < .10 
32 0.65 < .10 
Can, Air 10 1.00 < .10 
21 1. 00 < .10 
32 0.95 < .10 
co., 10 0.30 < .10 
'- 21 0.75 < .10 
32 0.95 < .10 
N2 10 0.80 < .10 
21 1.10 < .10 
32 1.50 < .10 
Cont ro l < 0.10 < .10 
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Tab1 e 23. Solubility Data of NOM at 6 Months. 
Sar:1ole Instant Regular 
Polybag, Air 10 0.40 < .10 
21 0.20 < .10 
32 0.60 < .10 
co 2 10 0.20 
< .10 
21 0.40 < .10 
32 0.25 < .10 
Can, Air 10 0.50 < .10 
21 0.45 < .10 
32 0.25 < .10 
co2 10 0.40 
< .10 
21 0.30 < .10 
32 < 0.10 < .10 
N 10 0.40 < .10 2 21 0.45 < .10 
32 0. 40 < . 10 
Control 0.15 < .10 
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Table 24. Solubility Data of NOM at 9 Months. 
S.-1nole Instant P.e<>u1ar 
Polybag, Air 10 0.50 .10 
21 0.50 < .10 
32 0.65 < .10 
C0 2 
10 0.40 .10 
21 0.35 < .10 
32 0.40 < .10 
Can, Air 10 0.30 .10 
21 0.20 .10 
32 0.45 .10 
co 2 10 0.45 < .10 21 0.40 .10 
32 0.90 .10 
N2 10 0.35 .10 
21 0.40 .10 
32 0.65 .10 
Control 0.50 .10 
Page 111 
Table 25. Solubility Data of NOH at 12 Months. 
S8!:''Dlc Instant Re aular 
Polybag , Air 10 0 .50 < .10 
21 0 .70 < .10 
32 0.95 < .10 
co2 10 0.45 
< .10 
21 0.50 < .10 
32 0.90 < .10 
Can , Air 10 0.70 < .10 
21 0.90 < .10 
32 1.20 < .10 
co2 10 0.80 
< .10 
21 0.35 < .10 
32 0.85 < .10 
N2 10 0.65 < .10 
21 0.80 < .10 
32 0.60 < .10 
Control 0 . 40 < .10 
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Table 26. Solubility Data a f NOM at 15 Months. 
Semple Instant Re~11l~r 
Polybag, Air 10 0.20 < .10 
21 0.40 < .10 
32 0.40 < .10 
co
2 
10 0.20 < .10 
21 0.30 < .10 
32 0.90 < .10 
Can, Air 10 0.25 < .10 
21 0.40 < .10 
32 0.60 < .10 
co
2 10 
0.50 < .lO 
21 0.20 < .10 
32 1. 00 < .10 
N2 10 0.20 < .10 
21 0.55 < .10 
32 0.35 < .10 
Control 0.20 < .10 
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Table 27. Solubil ity Data of ND~1 at 18 Months. 
S <i. r..:J 1e I nsta!!t ?.egular 
?o1vbag, Air J.O 0.30 < .:i.O 
21 0 . 40 < . 10 
32 0.50 < .10 
co
2 lO 0.30 
< .10 
21 0.50 < . lO 
32 1.20 < .10 
Can, Air 10 0 . 25 < . 10 
21 0 . 10 < . 10 
32 0.50 < .10 
CO -, 10 0.10 < .1 0 
'- 21 0.20 < .10 
32 0.70 < . 10 
N 10 0.50 < .10 2 21 0.35 < .10 
32 1.40 < .10 
Co".tro1 0.40 < .10 
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Table 28. Solubility Data of NOM at 24 Months. 
Sample Instant Regular 
Polybag, Air 10 0.35 < .10 
21 0.30 < .10 
32 0.70 < .10 
co
2 10 
0.40 < .10 
21 0.25 < .10 
32 1.30 < .10 
Can, Air 10 0.25 < .10 
21 0.25 < .10 
32 0.50 < .10 
co2 10 0.25 < .10 21 0. 25 < .10 
32 0 . 80 < .10 
N 10 0.22 < .10 2 21 0.25 < .10 . 
32 0.90 < .10 
Control < 0 . 10 < .10 
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Table 29. Sol ub il i ty Data of NOM at 30 Months. 
Sar.m1e Inst.:mt P.e<;u1ar 
?olybag, Air 10 0.45 T:-ac e 




21 0.45 Trace 
Can, Air 10 0.23 < .10 
21 0.35 < .10 
co 2 10 0.32 < .10 21 0.35 Trace 
N2 10 0.22 Trace 
21 0.22 Trace 
Control Trace Trace 
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Table 30. Solubility Data of NOM at 36 Months. 
Sarnole Instant Regular 
?olybag, Ai:::- 10 0.50 Trace 
21 0.35 Trace 
co2 10 0 . 30 Trace 21 0 .35 Trace 
Can, Air 10 0 . 65 Trace 
21 0.65 < .10 
co2 10 0. 75 < . 10 21 0.80 < .10 
N,., 10 0.40 .10 
"- 21 0 . 40 < . 10 
Contro l Trace Trace 
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Table 31. Solubility Data of NOM at 42 t~onths. 
Samnle Instant Ret!u l.:u 
Polybag, Air 10 0.50 Trace 
21 0.25 Trace 
co
2 10 0.25 .05 21 0.25 .25 
Can, Air 10 0.25 Trace 
21 0.25 Trace 
co 2 10 0.50 Trace 21 0.35 Trace 
N2 10 0. 25 Trace 
21 0.50 Trace 
Control 0.10 Trace 
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Table 32. Solubility Data of NOM at 48 Months. 
S<::.mo1e Instant Regular 
Po1ybag, Air 10 0.15 Trace 
21 0. 25 .18 
co, 10 0 . 18 . OS 
21 0.15 Trace 
Can, Air 10 0 . 20 Trace 
21 0.25 T:ra ce 
co") 10 0 . 25 Trace 
'- 21 0.25 Trace 
N 10 0.15 Trace 2 21 0.23 Trace 
Cont rol 0 .05 Trace 
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Table 33. Solubility Data of NOM at 54 Months. 
Sample Instant Regular 
Can. Air 10 0.50 Tra ce 
Can. co2 10 0 .50 Trace 
Can. N! 10 0 .50 Trace 
Fresh 0 .50 
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Appendix i.:_ Standard Deviation Values for the Cholesterol 
Con tent of NOt~ Samples 











Contr o 1 
Fresh 















Appendix£...:_ Frequency of Occurence ~ Compounds Present 
~Gas Chromatographic Analysis Of NOM Samples 
NOM Samples 
Compound Extraction Replications * 
Ext. 1 2 3 
:i::ot ---Cholesterol 3/3 1 2 2 
Compound 1 3/3 l 2 2 
Compound 2 3/3 1 2 2 
Compound 3 3/3 1 1 2 .l 
*This compound was present in three out of the three 
extractions preformed. 
** Two replications were preformed for each extraction. 
Regular NDM Samples 
Compound 










Ext. 1 2 3 
2 2 2 
1 2 2 
2 2 2 
1 () 2 



































Ext. 1 2 3 
2 1 1 
2 1 1 
0 1 1 
2 0 1 
Replications 
Ext. 1 2 3 
2 2 2 
1 2 2 
1 2 2 
u 1 2 
Replications 
Ext. 1 2 3 
1 2 2 
1 2 2 
1 2 2 
1 1 2 
Nm·1 Samp 1 es Stored In Cans ---
Compound Extraction 
Cholesterol 3/3 
Compound 1 3/3 
Compound 2 3/3 
Compound 3 'J/3 



























Ext. 1 2 3 
1 2 2 
1 2 2 
1 2 2 
1 1 2 
Replic ations 
Ext. 1 2 3 
2 2 2 
2 2 2 
2 2 1 
2 1 u 
Replications 
Ext. 1 2 3 
4 4 2 
4 2 2 
4 4 2 
3 4 2 
1 2 0 
1 2 0 
*** 
*** Four replications were performed for the first two 
extractions of the 32 C samples; two replications 
were preformed for the 3rd extraction. 
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NOM Samples Stored at 1 0 C ---
Compound Extraction Replications 
Ext. 1 2 3 
Cholesterol 3/3 2 2 2 
Compound 1 3/3 2 2 2 
Canpound 2 3/ 3 2 2 1 
ND~I Samples Stored at 21 C ---
Compound Extraction Replications 
Ext. 1 2 3 
Cholesterol 373 2 2 2 
Compound 1 3/3 2 2 2 
Compound 2 3 /3 2 2 1 
Compound 3 2/3 2 1 0 
Control NOM Samples 
Compound Extraction Replications 
Ext. 1 2 3 
Cholesterol 3!3 2 2 2 
Compound 1 3/3 2 2 2 
Canpound 2 2/3 2 2 0 
Compound 3 2/3 0 1 2 










Ext. 1 2 3 
2 2 1 
2 2 l 
0 1 l 
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